
RELEASE AUTHORIZATION 

Document Number: WHC-SD-TP-SEP-026, REV. 0 

Document Title: . S a f e t y  Eva1 u a t i o n  f o r  Packaging 101-SY Hydrogen 
M i t i g a t i o n  M ixe r  Pump Package 

Release Date: 10/05/94 

* * * * * * * * * * * * *  

This document was  reviewed following the 
procedures described in WHC-CM-3-4 and is: 

APPROVED FOR PUBLIC RELEASE 

WHC Information Release Administration Specialist: 

44 &ILL!!, N.L. S O L I S  

(Signature) 

A-6001-400 (07/94) UEF256 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



SUPPORTING DOCUMENT I 1.. Total P a g e s q a  

Safety Evaluation for Packaging 101-SY Hydrogen 
Mitigation Mixer Pump Package 
5. Key Words 

Packaging, Hydrogen Mitigation Mixer Pump, Risk 
Acceptance, Low-Level Mixed Waste, Containment, ~ 

Shielding, Dose Consequence, Accident Frequency, 
Structural  , Ti edowns , Hydrogen Generati on & :-“;p+ f“; -. . r-- - 
Equi Val ent Safety 4 i. : ’ ,!s*.;. ‘c 

.-. 5 , .__ , . . 

7. Abstract 

T h i  s Safety Eva1 uati  on for Packaging 

3. Number 4 .  Rev No. 

WHC-SD-TP-SEP-026 0 
I 

6. Author 

Name: R. F. Carlstrom 

-.J 
Signature 
‘7 f*”, 
Orgadta i on/Charge Code 84 100 //Va 8 6 

and evaluations 
considered necessary t o  approve a one-time t ransfer  of the 101-SY Hydrogen 
Mitigation Mixer Pump (HMMP). 
HMMP in a new shipping container will provide an equivalent degree of safety as 
would be provided by packages meeting U.S. Department of Transportation 
(DOT)/U.S. Nuclear Regulatory Commission ( N R C )  requirements. This f u l f i l l s  onsi te  
transportation requirements implemented by WHC-CM-2- 

This SEP will demonstrate t h a t  the t r ans fe r  o f  the . 

8. 

DISCLAIMER - This report was prepared as an account of work 
sponsored by an agency of the United States Government. Neither the 
United States Government nor’ any agency thereof, nor any of their 
employees, nor any of their contractors, subcontractors or their 
employees, makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness, or 
any third party’s use or the results of such use of any information, 
apparatus, product, o r  process disclosed, or represents that its use 
would not infringe privately owned rights. Reference herein to any 
specific comnercial product, process, or service by trade name, 
trademark, manufacturer, o r  otherwise, does not necessari ly 
constitute or imply its endorsement, recomnendation, or favoring by 
the United States Government or any agency thereof or its 
contractors or subcontractors. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

3. Impact Level SQ 

A-6400-073 (11/91) CEF) WEF124 

4.  

I O .  RELEASE STAMP 



WHC-SD-TP-SEP-026 Rev. 0 

EXECUTIVE SUMMARY 

This Safety Evaluation f o r  Packaging (SEP) evaluates  and documents the 
a b i l i t y  of  the 101-SY Hydrogen Mitigation Mixer Pump (HMMP) Package t o  meet 
the rad ioac t ive  material  packagiFg requirements of  WHC-CM-2-14, Hazardous 
M a t e r i a l  Packaging and Shipping. 

designated s torage  or disposal areas .  
hazardous materials on control led routes  confined t o  es tabl ished 1 imi ted .a reas  
and t o  port ions of  f ede ra l ly  owned roadways t o  which publ ic  access i s  
prohibi ted during transfer. 

This packaging i s  used f o r  the o n s i t e  
- t ransfer  of the radioact ively contaminated HMMP from the SY Tank Farm t o  

Onsite t r a n s f e r  i s  the t ranspor t  of 

The HMMP Package i s  used only f o r  the t r a n s f e r  of the HMMP. The HMMP 
Package cons i s t s  of two cyl indrical  carbon s teel  standard wall pipes with 
bolted flanged ends which provide two containment ba r r i e r s  f o r  the 
contaminated pump. 
o r  steel shot  as required f o r  shielding purposes. 
a t ruck - t r a i l e r  combination and t ransfer red  t o  the designated s torage  o r  
disposal s i t e .  

An annulus space between the pipes i s  provided t o  add lead 
The package i s  loaded onto 

Part  A o f  t h i s  SEP provides a .description of the packaging, payload, and 
t r a n s f e r  operat ions.  I t  a l so  sets fo r th  operational.requirements f o r  package 
t r ans fe r .  
shielding,  s t r u c t u r a l ,  tiedown, thermal, containment, r i s k ,  dose consequence, 
pressure, and hydrogen generation. 

Part-B. of  this document contains the  package evaluat ions:  

*WHC-CM-2-14, Hazardous Materia7 Packaging and Shipping, Westinghouse 

i 

Hanford Company, Rich1 and, Washington. 



WHC-SD-TP-SEP-026 Rev  . 0 

TABLE OF CONTENTS 

PART A . PACKAGE DESCRIPTION AND OPERATIONS 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a1-1 
1.1 BACKGROUND INFORMATION . . . . . . . . . . . . . . . . . . . .  a1-1 
1.2 PURPOSE AND SCOPE . . . . . . . . . . . . . . . . . . . . . . .  A1-2 

2.0 PACKAGING SYSTEMS . . . . . . . .  
2.1 GENERAL INFORMATION . . . . .  
2.2 CONFIGURATION AND DIMENSIONS 
2.3 MATERIALSeOF CONSTRUCTION . . 
2 . 4  FABRICATION METHODS . . . . .  
2.5 WEIGHTS . . . . . . . . . . .  
2.6 CONTAINMENT BOUNDARY . . . .  
2.7 CAVITY S I Z E  . . . . . . . . .  
2.8 HEAT D I S S I P A T I O N  . . . . . .  
2 . 9  SHIELDING . . . . . . . . . .  
2 . 1 0  L I F T I N G  DEVICES . . . . . . .  
2.11 TIEDOWN DEVICES . . . . . . .  

3.0 PACKAGE CONTENTS . . . . . . . . .  
3.1  GENERAL DESCRIPTION . . . . .  
3 . 2  RADIONUCLIDE A C T I V I T Y  . . . .  
3.3 F I S S I L E  CONTENT . . . . . . .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. . . . . . . . . . . . . . .  A2-1' 

. . . . . . . . . . . . . . .  A2-1 

. . . . . . . . . . . . . . .  A2-1 

. . . . . . . . . . . . . . .  A2-2 

. . . . . . . . . . . . . . .  A2-2 

. . . . . . . . . . . . . . .  A2-2 

. . . . . . . . . . . . . .  . A  2.2 

. . . . . . . . . . . . . . . .  A2-3 

. . . . . . . . . . . . . . .  A2-3 

. . . . . . . . . . . . . .  . A  2.3 

. . . . . . . . . . . . . . .  A2-3 

. . . . . . . . . . . . . . .  A2-3 

. . . . . . . . . . . . . .  . A  3.1 

. . . . . . . . . . . . . . .  A3-1 

. . . . . . . . . . . . . . .  A3-1  

. . . . . . . . . . . . . . .  A3-1 

. .  4.0 TRANSPORTATION SYSTEM . . . . . . . . . . . . . . . . . . . . . . .  A4-1 
4.1 TRANSPORTER . . . . . . . . . . . . . . . . . . . . . . . . . .  A4-1 
4.2 TIEDOWN SYSTEM . . . . . . . . . . . . . . . . . . . . . . . .  A4-1 
4.3 SPECIAL TRANSFER REQUIREMENTS . . . . . . . . . . . . . . . . .  A4-1 

5 . 0  ACCEPTANCE O F  PACKAGING FOR USE . . . . . . . . . .  . . . . . . . . . .  A5-1 

6.0 OPERATING REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . .  A6-1 
6 .1 GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A6-1  
6.2 INSTALLATION OF PACKAGE CONTENTS . . . . . . . . . . . . . . .  A6-1  
6.3 UNLOADING THE PACKAGE . . . . . . . . . . . . . . . . . . . . . .  A6-3 

7.0 QUALITY ASSURANCE . . . . . . . . . . . . . . . . . . . . . . . . .  A7-1  
7.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  A7-1  

8.0 MAINTENANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A8-1 

9.0 APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A9-1 
9.1 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . .  A9-1 
9:2 HYDROGEN MIXER PUMP CONTAINER (H-2-83750 and H-2-83734)  . . . .  A9-2 
9.3 STRONGBACK SECTIONS AND DETAILS (H-2-83736) . . . . . . . . .  A9-15 

1 

i i  * 

....... . .... . . . . . .  . . . .  . ........ . ... . . . . .  . ........ ... ......... ..:y ; .Y'.. qy : y.7 F.,: 7 .T :->; :< .yz>:;... :'i 2.. L 3.;. *e:. . 3 . c .  .--%... ....?. .-.? r,. C I .  --. - . .  



WHC-SD7TP-SEP-026 Rev . 0 

TABLE OF CONTENTS (Continued) 

9.4 TILT TRAILER SKETCH . . . . . . . . . . . . . . . . . . . . . .  A9-31 
9.5 LIFTING BEAM ASSEMBLY (H-2-83744) . . . . . . . . . . . . . .  A9-33 

PART B . PACKAGE EVALUATION 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  : . . .  B1-1 
1.1 SAFETY EVALUATION METHODOLOGY . . . . . . . . . . . . . . . . .  B1-1 
1.2 EVALUATION SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . .  B1-2 

2.0 CONTENTS EVALUATION- . . . . . . . . . . . . . . . . . . . . . . . .  82-1 
2.1 CHARACTERIZATION . . . . . . . . . . . . . . . . . . . . . . .  82-1 
2.2 CONTENT RESTRICTIONS . . . . . . . . . . . . . . . . . . . . .  82-5 
2.3 CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . .  B2-5 

3.0 RADIOLOGICAL RISK EVALUATION . . . .  
3.1  INTRODUCTION . . . . . . . . . .  
3.2 RISK ACCEPTANCE CRITERIA . . .  
3.3 ACCIDENT FREQUENCY ASSESSMENT . 
3 .4 ,  DOSE CONSEQUENCE ANALYSIS . . .  
3.5 RISK EVALUATION AND CONCLUSIONS 
3.6 ACCIDENT FREQUENCY ASSESSMENT . 
3.7 DOSE CONSEQUENCE ANALYSIS . . .  

. . . . . . . . . . . . . . . .  83-1 

. . . . . . . . . . . . . . . . .  B3-1 

. . . . . . . . . . . . . . . .  B3-1 

. . . . . . . . . . . . . . . .  B3-1 

. . . . . . . . . . . . . . . .  B3-2 

. . . . . . . . . . . . . . . .  B3-2 

. . . . . . . . . . . . . . . .  B3-3 

. . . . . . . . . . . . . . .  B3-12 

4.0 CONTAINMENT EVALUATION . . . . . . . . . . . . . . . . . . . . . . .  B4-1 
4 .1  INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  84-1 
4.2 NORMAL TRANSFER CONDITIONS . . . . . . . . . . . . . . . . . .  84-1 
4.3 CONTAINMENT EVALUATION AND CONCLUSIONS . . . . . . . . . . . .  B4-1 

5.0 SHIELDING EVALUATION . . . . . . . . . . . . . . . . . . . . . . . .  B5-1 
5 . 1  INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  B5-1 
5.2 SHIELDING REQUIREMENTS . . . . . . . . . . . . . . . . . . . .  B5-1 
5.3 SHIELDING EVALUATION AND CONCLUSIONS . . . . . . . . . . . . .  B5-1 
5.4 SHIELDING ANALYSIS . . . . . . . .  : . . . . . . . . . . . . .  B5-3 

6.0 STRUCTURAL EVALUATION . . . . . . . . . . . . . . . . . . . . . . .  B6-1 
6.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  B6-1 
6.2 STRUCTURAL REQUIREMENTS . . . . . . . . . . . . . . . . . . . .  B6-1 

6.2.1 Packaging Materials . . . . . . . . . . . . . . . . . .  B6-1 

6.2.3 Tiedown System . . . . . . . . . . . . . . . . . . . . .  B6-1 
6.2:4 Lifting Devices . . . . . . . . . . . . . . . . . . . .  B6-2 
6.2.5 Closure Design . . . . . . . . . . . . . . . . . . . . .  B6-2 
6.2.6 Normal Transfer Conditions . . . . . . . . . . . . . . .  B6-3 

6.2.2 Packaging Dimensions . . . . . . . . . . . . . . . . . .  B6-1 

i i i  



WHC-SD-TPrSEP-026 Rev . 0 

TABLE OF CONTENTS (Continued) 

6.3 STRUCTURAL EVALUATION AND CONCLUSIONS . . . . . . . . . . . . .  B6-3 
6.3.1 Packaging Materials . . . . . . . . . . . . . . . . . .  B6-3 
6.3.2 Packaging Dimensions . . . .  i . . . . . . . . . . . . .  B6-4 
6.3.3 Tiedown System . . . . . . . . . . . . . . . . . . . . .  B6-4 
6.3.4 'Lifting Devices . . . . . . . . . . . . . . . . . . . .  B6-4 
6.3.5 Closure Design . . . . . . . . . . . . . . . . . . . . .  B6-4 
6.3.6 Normal Transfer Conditions . . . . . . . . . . . . . . .  86-5 

6.4.1 Weight and Center of Gravity Determination . . . . . . .  B6-7 
6.4.2 Determination of G Loading on 12 in . Thick Reinforced . 

Concrete . . . . . . . . . . . . . . . . . . . . . . .  86-33 
6.4.3 Pressure Increase and Decrease Evaluation . . . . . .  86-39 

. 6.4.4 ASME Design and B o l t  Engagement Verification . . . . .  86-51 
6.4.5 Package Lifting Evaluation . . . . . . . . . . . . . .  B6-61 
6.4.6 Penetration Evaluation . . . . . . . . . . . . . . . .  B6-68 
6.4.7 Low Temperature .Brittle Fracture Evaluation . . . . .  86-72 
6.4.8 Vibration Evaluation (Induced by Peak Shock Loading) . 86-76 
6.4.9 Drop Evaluation Loaded with No Shielding (101-SY 

'Package) . . . . . . . . . . . . . . . . . . . . .  ; . 86-101 
6.4.10 Drop Evaluation Loaded and Fully Shielded (101-SY) . . 86-136 
6.4.11 Drop Evaluation Loaded and Partiall$ Shielded (101-SY) 86-169 

6e.5 TIEDOWN ANALYSIS . . . . . . . . . . . . . . . . . . . .  . 86-201 

7.0 THERMAL EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . .  87-1 
7.1 INTRODUCTION . . . . . . . . . . . .  i . . . . . . . . . . . . .  87-1 
7 . 2  THERMAL SOURCE SPECIFICATION . . . . . . . . . . . . . . . . .  B7-1 
7.3 SUMMARY OF THERMAL PROPERTIES OF MATERIALS . . . . . . . . . .  87-1 
7.4 THERMAL EVALUATION FOR NORMAL TRANSFER CONDITIONS . . . . . . .  B7-1 

7.4.1 Conditions to be Evaluated . . . . . . . . . . . . . . .  87-1 
7.4.2 Acceptance Criteria . . . . . . . . . . . . . . . . . .  B7-2 
7.4.3 Thermal Model . . . . . . . . . . . . . . . . . . . . .  87-2 
7.4.4 Thermal Analysis . . . . . . . . . . . . . . . . . . . . .  87-2 

7.5 THERMAL EVALUATIONS AND CONCLUSIONS . . . . . . . . . . . . . .  87-3 
7.6 THERMAL ANALYSIS . . . . . . . . . . . . . . . . . . . . . . .  B7-4 

8.0 GAS GENERATION EVALUATION . . . . . . . . . . . . . . . . . . . . .  88-1 
8.1 GENERAL INFORMATION . . . . . . . . . . . . . . . . . . . . . .  88-1 
8.2 GAS GENERATION EVALUATION AND CONCLUSIONS . . . . . . . . . . .  8 8 ~ 1  
8.3 HYDROGEN GAS GENERATION ANALYSIS . . . . . . . . . . . . . . . .  B8-2 

6.4 STRUCTURAL ANALYSIS . . . . . . . . . . . . . . . . . . . . . . .  B6-6 . 

9.0 APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89-1 
9 .1  REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . .  89-1 

iv 

....... . . .... . . .  .....'......'....-... ....-.... .... ..... . c.., ! j  ' ?. ., .... ,.,., -7, ,.,: ;,\;/.'.- . 7:. . .  ....>;;...> y.. :;:-< . . .  ....................... ~I .- ._ 



WHC-SD-TP-SEP-026 Rev. 0 

LIST OF TABLES 

Table B2-1. 
Table 82-2. 

Table 83-1. 

Radionuclide Activity for the HMMP Package . . . . . . . . .  B2-2 
Effective A, -- HMMP Package . . . . .  ; . . . . . . . . . .  82-3 

Table 92-3. F i s s i l e  Content  . . . . . . . . . . . . . . . . . . . . . .  B2:4 
Risk Acceptance Cr i t e r i a  . . . . . . . . . . . . . . . . . .  93-1 

LIST OF TERMS 

ASME 
ASTM 
cwc 
DOT 
ECN 
EDE 
HEPA 
HMMP 
LST 
NBS 
NDT 
N RC 
PDC 
QA 
RL 
SARP 
SEP 
WHC 

American Society for Mechanical Engineers 
American Society f o r  Testing and Materials 
Central Waste Complex 
U.S. Department of Transportation 
Engineering Change Notice 
e f f ec t ive  dose equivalent 
high-efficiency par t icu la te  a i r  ( f i l t e r )  
Hydrogen Mitigation Mixer Pump 
lowest service temperature . 
Nominal Breaking Strength 
Nil Duct i l i ty  Testing 
U.S. Nuclear Regulatory Commission 
Packaging Design Cr i t e r i a  
Quality Assurance 
U.S. Department of Energy, Richland Operations Office 
Safety Analysis Report fo r  Packaging 
Safety Evaluation for Packaging 
Westinghouse Hanford Company 

V 



UHC-SD-TP-SEP-026 Rev. 0 

PART A - PACKAGE DESCRIPTION AND OPERATIONS 

. 1.0 INTRODUCTION 

1.1 BACKGROUND INFORMATION 

Radioactive waste material in storage tank 241-SY-101 (101-SY) causes 
higher-than-normal hydrogen gas buildup in the tank waste. Rollover of the  
radioact ive waste contents occurs per iodical ly  during venting o f  the hydrogen 
gas .  A modified t e s t  pump 60 f t  long ,  19,247 l b  in weight, and powered by a. 
150 horsepower e l e c t r i c  motor was in s t a l l ed  in 101-SY t o  evaluate whether the 
ag i ta t ion  o f  t he  tank contents would lead t o  gradual re lease o f  hydrogen and, 
thereby, avoid safe ty  concerns with periodic re lease o f  l a rge  quan t i t i e s  o f  
hydrogen. This pump i s  referred as the Hydrogen Mitigation Mixer Pump ( H M M P ) .  

After completion of the t e s t ing  program f o r  hydrogen mit igat ion,  t h i s  
pump will  be removed from 101-SY. As i t  i s  pulled o u t  of 101-SY, the  
radioact ively contaminated pump will undergo *a high pressure water spray 
operation and then will  be enclosed inside a portable f l e x i b l e  bag assembly. 
The pump will  then .be inser ted in to  a shipping container which provides two 
containment ba r r i e r s  f o r  the contaminated pump. Approximately 13 f t  of the 
upper section o f  the  pump will be cut off  and the shipping container will  then 
be sealed.  This loaded shipping container i s  referred t o  as the HMMP Package. 
The packaging and contents will be t ransferred from the Tank Farms t o  the ' 

Central Waste Complex (CWC) for interim storage and then t o  T Plant f o r  
evaluation and processing f o r  f ina l  disposi t ion.  

A Packaging Design Cr i t e r i a  (PDC)  , WHC-SD-TP-PDC-019 (WHC 1994) , was 
developed t o  provide design c r i t e r i a  f o r  b o t h  the ons i te  t r a n s f e r  and storage 
o f  the  removed equipment. 
equipment (pump)  i s  a Type B quantity of waste and should  be c l a s s i f i e d  as  
mixed low-level waste for purposes o f  packaging design and t r a n s f e r  
eval uati  ons . 

Data presented in the PDC indicates  t h a t  the 

Class i f ica t ion  as mixed waste requires t h a t  the equipment must be 
t ransfer red  from the  Tank Farms t o  a l icensed mixed waste storage f a c i l i t y  
within 90 days. 
designed and evaluated t o  meet speci a1 storage acceptance requirements a t  the 
CWC. 
containment ba r r i e r s ,  20 year service l i f e ,  and 100 mrem/h or l e s s  radiat ion 
dose r a t e  a t  t he  surface o f  the  package. 

This c l a s s i f i ca t ion  requires t h a t  the packaging must be 

Special.package requirements f o r  storage a t  the CWC include two 

A l - 1  
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1.2 PURPOSE AND SCOPE 

Rev. 0 

T h i s  Safety Evaluation for Packaging (SEP) provides safe ty  analyses and 
evaluations considered necessary t o  support a sa fe  one-time ons i t e  waste 
t r a n s f e r  o f  the  HMMP Package. The scope will  include the  t r a n s f e r  of the HMMP 
Package from the Tank Farms t o  the CWC for interim storage and then t o  T Plant 
f o r  processing and disposi t ion.  

T h i s  SEP demonstrates t h a t  the  short-term ons i te  t r ans fe r  o f  the  HMMP 
This f u l f i l l s  t h e  ons i te  Package meets t h e  ons i te  t ransportat ion c r i t e r i a .  

t ransportat ion sa fe ty  .requirements implemented i n  WHC-CM-2-14, Hazardous 
Materia7 Packaging and Shipping. 

A1-2 
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2.0 PACKAGING SYSTEMS 

2.1 GENERAL INFORMATION 

This section provides a description of the packaging system t h a t  will be 
used t o  t r ans fe r  and s to re  the HMMP described in Part A ,  Section 1.0 of t h i s  
SEP. Information presented in t h i s  section will be evaluated in Part B of the 
SEP t o  assure t h a t  the  proposed packaging system meets ident i f ied  c r i t e r i a  and 
requirements. . 

The packaging consis ts  o f  two cylindrical  carbon s tee l  standard wall 
pipes with boqted flanged ends which provide two containment ba r r i e r s  fo r  the 
contaminated pump. The HMMP Package i s  designed t o  withstand normal t r ans fe r  
conditions and accident t e s t s  described in Part B of this SEP. The design 
l i f e t ime  i s  20 years in the environment of the CWC. The HMMP Package will 
only be t ransferred in the horizontal position and will include adequate 
1 i f t i n g  attachments and tiedown down devices. Internal shielding,  i f  
required, will be added in the form of lead or s tee l  s h o t  in an annular space 
between two containment bar r ie rs  t o  l imi t  dose ra tes  a t  the surface o f  the 
HMMP Package t o  acceptable values during t ransfer  and interim storage.  I f  
additional shielding i s  required t o  reduce dose r a t e s ,  external shielding will 
be in s t a l l ed  on the outside o f - t h e  HMMP Package. 

This SEP will  approve t r ans fe r  of the HMMP Package within one year from 
date  of  issue unless otherwise designated by issue of an Engineering Change 

. Notice ( E C N ) .  

2.2 CONFIGURATION AND DIMENSIONS 

The main packaging assembly consis ts  of a long  section of standard wall 
pipe with closures on each end. The piping section i s  64 in .  outside diameter 
x 0.5 in .  wall thickness. The closure on one end o f  the packaging i s  a 2 in .  
thick p l a t e  welded inside the end of the  64 in .  diameter pipe. 
closure on the  opposite end o f  the assembly i s  a t o p  hat assembly bolted t o  a 
2 in.  thick r ing flange attached t o  the  end o f  the 64 in .  diameter pipe. The 
removable inner closure p la te  i s  attached t o  the ring flange with twenty-eight 
1 in .  diameter bo l t s ,  nuts, and lock washers. A VI in .  thick gasket sea ls  the 
bolted inner p l a t e  t o  the  ring flange. The removable outer closure p la te  i s  
attached t o  the  ring flange with thirty-two 1 in .  diameter b o l t s ,  nuts, and 
lock washers. A '/s in .  thick gasket sea ls  the bolted outer p l a t e  t o  the ring 
flange. Double containment o f  the  end closures i s  provided by a 2 in .  thick 
p la te  welded t o  the end of the 64 in .  pipe a t  the welded closure end of the 
packaging and by another t o p  hat assembly ins ta l led  around the outside of the 
bolted inner closure end. 

The inner 

S t i f fen ing  .rings are ins ta l led  a t  in te rva ls  along the  length o f  the  HMMP 
Package t o  support/protect the package during l i f t i n g  and normal t r ans fe r  
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a n d / o r ' p o t e n t i a l  acc iden t  c o n d i t i o n s .  An o u t e r  l a y e r  o f  p l a t e  i s  i n s t a l l e d  
between t h e  s t i f f e n i n g  r i n g s  t o  f o r m  a 2 i n .  wide annulus f o r  i n s t a l l a t i o n  o f  
s h i e l d i n g  m a t e r i a l  a long t h e  f u l l  l e n g t h  o f  t h e  package. The o u t e r  p l a t e  i s  
5/16 i n .  t h i c k  a long  t h e  c o n t a i n e r  l e n g t h ,  except f rom column l i n e  8 th rough  
15 which uses 4 i n .  t h i c k  p l a t e .  The s h i e l d i n g  annulus a l s o  p r o v i d e s  double . 
containment o f  t h e  waste con ten ts  a long t h e  s i d e w a l l s  o f  t h e  package f o r  
s torage.  

The o v e r a l l  l e n g t h  o f  t h e  HMMP Package i s  n o m i n a l l y  52 ft. 

2.3 MATERIALS OF CONSTRUCTION 

M a t e r i a l  requi rements f o r  t h e  HMMP Package a r e  desc r ibed  i n  t h e  p a r t s  
l i s t  on Westinghouse Hanford Company (WHC) des ign Drawing H-2-83734, Sheet 1 
( P a r t  A, S e c t i o n  9.2). I n  genera l ,  a l l  s t r u c t u r a l  components a r e  carbon 
s t e e l .  S p e c i f i c a l l y ,  t h e  s tandard w a l l  4 i n .  d iameter  p i p i n g  m a t e r i a l  and 
c l o s u r e  end p l a t e s  a r e  American Soc ie ty  f o r  T e s t i n g  and M a t e r i a l s  (ASTM) A671 
carbon s t e e l .  The o u t e r  5/16 i n .  d iameter  p l a t e  m a t e r i a l  i s  ASTM A516 carbon 
s t e e l .  End c l o s u r e  b o l t s  and n u t s  a r e  a l l o y  s t e e l  American S o c i e t y  o f  
Mechanical Engineers (ASME) SA307. 
c l o s u r e  connect ions i s  made o f  r e i n f o r c e d  f l e x i b l e  g r a p h i t e .  

Gasket m a t e r i a l  f o r  s e a l i n g  t h e  b o l t e d  end 

2.4 FABRICATION METHODS 

S p e c i f i c  f a b r i c a t i o n  methods f o r  c o n s t r u c t i o n  and assembly o f  t h e  
package a r e  desc r ibed  i n  t h e  "General Notes" o f  packaging des ign 
Drawing H-2-83734, Sheet 1 ( P a r t  A, Sec t i on  9.2) .  

2.5 WEIGHTS 

The c a l c u l a t e d  maximum gross weight  o f  t h e  HMMP Package w i t h  e x t e r n a l  
s h i e l d i n g  ( l e a d  sho t )  and con ten ts  (HMMP) i s  approx imate ly  138,800 l b .  The 
weight  o f  t h e  HMMP Package w i t h o u t  s h i e l d i n g  and w i t h  con ten ts  (HMMP) i s  
approx imate ly  72,930 l b .  
i n s t a l l i n g  s h i e l d i n g  m a t e r i a l  i n  t h e  f u l l  l e n g t h  o f  t h e  s h i e l d i n g  annulus. 

The maximum weight  o f  t h e  package i s  based on 

2.6 CONTAINMENT BOUNDARY 

The packaging enc losure ( p i p e  and end p l a t e s )  i s  t h e  s i n g l e  containment 
r e q u i r e d  d u r i n g  t r a n s f e r  o f  t h e  HMMP Package and i s  t h e  p r imary  containment 
b a r r i e r  d u r i n g  i n t e r i m  s to rage  o f  t h e  package. The p r imary  containment 
boundary i s  sealed on one end w i t h  a welded p l a t e  and i s  sealed on t h e  
o p p o s i t e  end w i t h  a b o l t e d  t o p  h a t  assembly and gasket.  
containment boundary i s  p rov ided  on t h e  HMMP Package by i n s t a l l i n g  a d d i t i o n a l  
p l a t e s  on each end o f  t h e  main enclosure,  by i n s t a l l i n g  t h e  s h i e l d i n g  annulus 

A secondary 
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the ful 
and gas 
venting 

1 length of  the package, and by seal ing w i t h  a bolted top hat  assembly 
ket. One pipe f i t t i n g  i s  provided on the outs ide of the package f o r  
and will be sealed during t r a n s f e r  of the package. 

2.7 CAVITY SIZE. 

The cav i ty  size of  the HMMP Package i s  63 i n .  diameter by 52 f t  long. 

2.8 HEAT DISSIPATION 

Maximum heat d i ss ipa t ion  from waste contents f o r  the HMMP Package i s  
0.88 W .  The heat  i s  t ransfer red  passively t o  the environment. 

2.9 SHIELDING 

Shielding will be added on the outs ide surface of the HMMP Package, i f  
required,  t o  l imi t  dose r a t e  a t  the surface of the package t o  100 mrem/h o r  
less.  Shielding will cons is t  of lead shot  o r  steel shot ,  o r  o ther  approved 
mater ia l ,  poured through openings provided on the outs ide wall of  the 
"shielding annulus." I f  other  shielding i s  required i n  addi t ion t o  the lead 
shot o r  s teel  shot ,  l ayers  of so l id  lead shielding will be i n s t a l l e d  around 
the outs ide of the package as  necessary t o  l i m i t  the dose r a t e  t o  acceptable 
Val ues. 

I f  dose r a t e s  a r e  s l i g h t l y  above 100 mrem/h a f t e r  sea l ing  of  the  
package, use o f  s o l i d  lead shielding on the outs ide of the package only may be 
considered. 

2.10 LIFTING DEVICES 

Lif t ing  attachments a re  in s t a l l ed  on each end of the packaging and a re  

The l i f t i n g  attachments a re  designed f o r  use w i t h  a special  l i f t i n g  
s u i t a b l e  f o r  r a i s ing  and lowering a f u l l y  loaded package i n  the horizontal  
posi t ion.  
beam assembly (Drawing H-2-83744 in  Part.A, Section 9 . 5 ) .  

2.11 TIEDOWN DEVICES 

Two special attachments a re  in s t a l l ed  on the bottom end and midpoint of 
the packaging t o  secure the package t o  a s t rongback/ t i l t  mechanism un i t  on the 
t ranspor t  t r a i l e r .  
length o'f the packaging and a re  provided w i t h  holes t h a t  a r e  used t o  a t tach  
tiedowns t o  the t ranspor t  t r a i l e r .  

S t i f fen ing  r ings  a re  in s t a l l ed  a t  i n t e rva l s  along the 
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3.0 PACKAGE CONTENTS 

3.1 GENERAL DESCRIPTION 

Contents of the HMMP Package are considered t o  be the HMMP placed in a 
portable f l ex ib l e  bag assembly. 
scheduled fo r  removal from 101-SY and placed in the spec i f ic  package fo r  
t r ans fe r :  

The following d a t a  r e l a t e s  t o  the HMMP 
. 

1. The t e s t  pump i s  located in 101-SY. The physical description and 
reference drawings are as fol 1 ows : 

Maximum length: 60 f t *  
Maximum diameter: 53 i n .  
Estimated weight: 19,427 l b  

Reference draw? ngs : H-2-89945 through H-2-89967 

3.2 RADIONUCLIDE ACTIVITY 

Radionucl ide 'act ivi ty  in terms of cur ie  content i s  evaluated i n  Pa r t  B, 
Section 2.1 and indicates t h a t  the HMMP Package must be transported as a 
Type B quantity of waste. Specif ical ly  the to t a l  cur ies  of waste material 
attached t o  the  HMMP i s  561 C i  and i s  280 times the e f fec t ive  A, value of t h e  
mixture of radionuclides. 

3.3 FISSILE CONTENT 

F i s s i l e  content ( i n  grams) of the estimated amount of waste material 
attached t o  the  HMMP.is evaluated i n  Par t  B y  Section 2 .2 .  The evaluation 
indicated tha t  the quantity of f i s s i l e  material attached t o  the pump i s  1.8 g .  
The HMMP i s  thus considered as " f i s s i l e  excepted" since the t o t a l  f i s s i l e  
content i s  l e s s  than  15 g .  

*Approximately 1.3 f t  of the upper section of the hydrogen mitigation 
mixer pump will  be cut off a f t e r  inser t ion into the shipping container.  
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4.0 TRANSPORTATION SYSTEM 

4.1 TRANSPORTER 

The t r anspor t e r  system cons is t s  of a t r u c k / t r a i l e r  assembly s u i t a b l e  f o r  
transfer o f  the HMMP Package system including the shipping container ,  
strongback, and t i l t i n g  mechanism (maximum 100 tons - Sketch i n  Par t  A ,  
Section 9 .4 ) .  The strongback (Drawing H-2-82736 n Part.A, Section 9.3) i s  
used t o  interface the shipping container  w i t h  the  t i l t i n g  mechanism. 
attachments a r e  provided on the vehicle f o r  secur ng the HMMP Package t o  the 
t ra i  1 er  bed. 

Sui tab le  

4.2 TIEDOWN SYSTEM 

Design o f  a tiedown system i s  provided t o  sa fe ly  secure the HMMP Package 

A sketch of the tiedown system i n  shown i n  
on the t r anspor t  vehicle during t r a n s f e r  t o  the s torage and 
processing/repackaging f a c i l i t i e s .  
Par t  B y  Section 6.5. 

4.3 SPECIAL TRANSF.ER REQUIREMENTS 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

The speed of the t ranspor t  vehicle  during waste package t r a n s f e r  
sha l l  not exceed 35 mph on s t r a i g h t  sect ions of the highway and 
15 mph f o r  curved sec t ions  of the highway. 
be reduced (as  directed)  due t o  adverse weather o r  road 
condi t ions.  

The maximum speed may 

The t ranspor te r  i s  considered f o r  "Exclusive Use" only. 
t r anspor t e r  i s  r e s t r i c t e d  from use f o r  any o ther  purpose while 
assigned t o  the 101-SY pump removal project .  

The 

Escorts sha l l  be provided a t  the f ron t  and r e a r  of the t ranspor t  
vehicle during package t r ans fe r  t o  warn and/or control oncoming 
t r a f f i c  and t o  observe the package. 

The-vent opening sha l l  be sealed p r io r  t o  t r a n s f e r  of  the package 
according t o  Drawing H-2-83750 (Par t  A ,  Section 9.2) .  

The package sha l l  be loaded, secured, and unloaded i n  the  
horizontal  posi t ion.  

The t ranspor t  vehicle  sha l l  s top a t  a l l  ra i l road  crossings t h a t  
have warning l i g h t s  o r  crossing ga tes  p r i o r  t o  crossing.  

The HMMP Package sha l l  be secured t o  the t ranspor t  vehicle using 
the tiedown system described i n  Par t  B, Section 6.5. 
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8. The HMMP Package shal l  not be t ransfer red  a t  ambient temperatures 
l e s s  than 0 O F  and shal l  not be t ransfer red  during extreme fog 
conditions.  I f  i ce  o r  adverse snow Conditions e x i s t ,  t he  road 
sha l l  be cleared and sanded p r io r  t o  t r ans fe r .  

9. The dose r a t e  on the  surface of the  package and a t  2 m frqm the  
vehicle  shal l  be l imited t o  200 mrem/h and 10 mrem/h, 
respect ively,  for t r ans fe r  o f  the  package. For s torage of the  
package, the  dose r a t e  on the  surface of  t he  package sha l l  be 
l imited t o  100 mrem/h. 
locat ion shal l  n o t  exceed 2 mrem/h during t r ans fe r s  o f  the  
package. 

The dose r a t e  a t  the vehicle d r ive r  
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5.0 ACCEPTANCE OF PACKAGING FOR USE 

The following requirements shall be ver i f ied  and/or inspections shal l  be 
performed p r io r  t o  use of the HMMP Package according t o  WHC-CM-4-2, Qua7ity 
Assurance Manua7, and Part  A,  Section 7.0: 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

Verify t h a t  a l l  non-destructive t e s t ing  and inspections have been 
completed as specif ied by the design drawings and information 
included in t h i s  SEP. 

Inspect the  package t o  assure t h a t  i t  i s  in good physical 
condition without any visual def ic iencies .  

Inspection shal l  include the ver i f ica t ion  of a Qua l i ty  Assurance 
(QA) acceptance tag.  

Verify t h a t  b o l t s  do not have headmarks matching those on the 
"Suspect Fastener Headmark Lis t .  'I 

Verify gasket material and geometry are  in accordance with drawing 
requirements. 

Verify v i s i b l e  painted surfaces do n o t  have scratches or gouges 
exposing bare metal. 

Verify t h a t  there  a re  no gouges, dents,  o r  scratches on flange 
seal ing surfaces t h a t  would prevent seal ing.  
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6.0 OPERATING REQUIREMENTS 

6.1 GENERAL 

Speci f i c operat i ng procedures s ha1 1 be devel oped and approved by 
designated Transportation and Packaging personnel t o  ver i fy  t ransportat ion 
requirements a re  provided pr ior  t o  t r ans fe r  of the package. 

All applicable instruct ions and procedures f o r  ons i te  t r ans fe r  of the 
package shall be in compliance with WHC-CM-2-14. The approved SEP shal l  be 
considered the  control l ing document for t r ans fe r  o f  the  package except where 

. other applicable WHC requirements are more r e s t r i c t i v e .  Operating procedures 
shal l  include ins t ruc t ions  t o  assure tha t  the package i s  being used in 
accordance with the  SEP. 

Operating procedu‘res, in general, shall  cover the  mounting of the empty 
shipping container o n t o  the t i l t  mechanism on the t r a i l e r ,  loading o f  the 
contents in to  the  package, loading of the package on the  transport vehicle,  
t ransport ing the  package, and unloading the package a t  t r ans fe r  
des t ina t ion ( s ) .  Bolt t ightening specif icat ions,  or reference t o  the 
spec i f ica t ions ,  f o r  a l l  flanged connections shal l  also be included in the 
operating procedures. 

6.2 INSTALLATION OF PACKAGE CONTENTS 

The HMMP (Par t  A ,  Section 2 . 2 )  will undergo several operations before 
The pump., as i t  i s  removed from the placement in to  the  shipping container. 

t a n k ,  will undergo a high pressure water spray operation and then will be 
enclosed inside a portable f l ex ib l e  bag assembly pr ior  t o  inser t ion into the  
shipping container .  
be cut off a f t e r  removal. 
the shipping container are as follows: 

Approximately 13 f t  of the upper section of the  pump will 
Basic s teps  fo r  removing the pump and placing into 

1. 

2.  

3. 

The shipping container shall  be located in the special strongback 
and t i l t  assembly on the t ruck - t r a i l e r  and raised in to  the 
ver t ica l  posit ion in accordance with DOE-RL-92-36, Hanford S i t e  
H o i s t i n g  and Rigging Manua7 ( R L  1993) and the vendor’s operating 
manual. 

The pump shal l  be attached (hooked) t o  a portable f l ex ib l e  bag 
assembly ins ta l led  on a spray wash assembly.in accordance with 
DOE-RL-92-36, Hanford S i t e  H o i s t i n g  and Rigging Manua7 ( R L  1993) 
and the appropriate work plan. 

During removal from the t a n k  by the crane and during inser t ion  
in to  the portable f l ex ib l e  bag assembly, the  pump shal l  be sprayed 
with 3000 ps i ,  160 O F  water. 
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4. The pump shal l  be f u l l y  ra ised in to  the  portable f l e x i b l e  bag 
assembly i n  accordance w i t h  DOE-RL-92-36, Hanford Site Hoisting 
and Rigging Manual ( R L  1993). The bot tom section o f  the bag shal l  
be remotely closed i n  accordance w i t h  the  appropriate work plan. 
I t  sha l l  be confirmed t h a t  approved absorbent material has been 
placed i n  t he  f l ex ib l e  bag and/or the  shipping container  t o  absorb 
a t  l e a s t  twice the  amount of expected f r e e  l i qu ids  t h a t  may be 
present i n  the waste contents.  

5. Using the  crane, the pump inside the  f l ex ib l e  bag shal l  be moved 
a t  a minimum possible e levat ion,  then l i f t e d  approximately 75 f t ,  
t ransfer red  over t o  the t i l t  assembly, and inser ted i n t o  the  
shipping container in accordance w i t h  DOE-RL-92-36, Hanford Site 
Hoising and Rigging ManuaT ( R L  1993) and the  appropriate work 
p l  an. 

6. The shipping container shal l  be lowered toward the horizontal 
posi t ion i n  accordance with DOE-RL-92-36, Hanford Site Hoisting 
and Rigging Manual ( R L  1993) and the  appropriate work plan. 

7. In ,accordance with the  appropriate work plan, the  loaded shipping 
container  i n  the  t i l t  assembly shal l  be moved t o  the  designated 
area and the upper section of the  pump (approximately 13 f t )  shall  
be cut o f f .  The pump shal l  then be s t ab i l i zed  inside the shippi,ng 
container .  

8. The two top closure p la tes  on the shipping container shal l  be 
in s t a l l ed  w i t h  care  not t o  damage the gasket mater ia l .  The bol t s  
on the  closure p la tes  shal l  be tightened using the t ightening 
sequence and torquing requirements provided in Drawing H-2-83750 
(Par t  A ,  Section 9.2) and in the  f i e l d  procedures. 

9. The shipping container shal l  be lowered completely t o  the  
horizontal posi t ion.  

10. The radiat ion dose r a t e  a t  any contact surface of the  shipping 
container  shal l  be ver i f ied  not exceed 100 mrem/h. I f  t h i s  dose 
r a t e  i s  exceeded s ign i f i can t ly ,  lead shot or s t ee l  shot shal l  be 
added t o  the  shipping container annulus and additional so l id  lead 
shielding may be in s t a l l ed  on the external surfaces t o  reduce the 
dose r a t e  t o  acceptable l imi t s  pr ior  t o  t r ans fe r  o f  t he  package. 
I f  dose r a t e s  a re  s l i g h t l y  above 100 mrem/h a f t e r  seal ing o f  the  
package, use of so l id  lead shielding on the  outs ide of the  package 
only may be considered. The surface contamination l eve l s  of the  
shipping container shal l  be ver i f ied  t o  n o t  exceed the  l i m i t s  of 
the  following t ab le  (WHC Radio7ogical Control Manual, WHC-CM-1-6) : 
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Removable ldpmll 00 
cm') 

(note 2) 

1 

Total (Fixed + 
Removable) ldpmll 00 

cm') 
(note 3) 

Nuclide 
[note 1 )  

~~ 

Transuranics, '"Ra, ''aRa, '%, 2'8Th, n'pa, '"Ac, lzsl 1101 

Th-nat, ='Th, OSr, '=Ra, "'Ra, n'U , , ,  '"I '"I 

20 500 

200 1,000 

U-natural, nsU, naU, and associated decay products. ' I 220 alpha I 5,000 alpha 

~~~ 

Beta-gamma emitters (nuclides with decay modes other than alpha emission 
or spontaneous fission) except =Sr and others noted above. Includes 
mixed fission products containifla "sr. 

1,000 betalgamma 5,000 betalgamma 

Table notes: 
1. The values in this table apply to  radioactive contamination deposited on, but not iricorporated into the interior of the 

contaminated item. Where contamination by both alpha-and betalgamma-emitting nuclides exists, the  limits established for 
the  alpha-and betalgamma-emitting nuclides apply independently. 
The amount of removable radioactive material per 1 0 0  cm' of surface area shoild be determined by swiping the area with dry 
filter or  soft absorbent paper, while applying moderate pressure, and then assessing the amount of radioactive material on the 
swipe with an appropriate instrument of known efficiency. For objects with a surface area less than 100 cm', the entire 
surface should be  swiped, and the activity per unit area should be based on the actual surface area. Except for transuranic 

.elements, '"Ra, '"Ac, '"Th, '%, ='Pa, and alp.ha emitters, it is not necessary to  use swiping techniques to measure 
removable contamination levels if direct scan surveys indicate that the total residual contamination levels are below the values 
for removable contamination. 
The levels may be  averaged over 1 m' provided the maximum activity in any area of 1 0 0  cm' is less than three times the 
values in the Table. 

2. 

3. 

10. In s t a l l  the package tiedowns on the  special  t i l t / t r a i l e r  per 
. ins t ruc t ions  i n  Part  .B, Section 6.5. Fully inspect the package t o  

confirm t h a t  a l l  t ransportat ion requirements a re  met and re lease  
the package for t ranspor t .  

6.3 UNLOADING THE PACKAGE 

1. 

2. 

3 .  

Verify t h a t  the  dose r a t e  a t  the  surface of the  package does not 
exceed 100 mrem/h and t h a t  surface contamination does not exceed 
the limits specif ied i n  Part  A, Section 6.2 (10).  Inspect the  
package and determine t h a t  i t  i s  acceptable f o r  s torage and/or 
processing 'of the contents a t  the designated f a c i l i t y .  

Determine the actual center  o f  gravi ty  of the  package and t o t a l  
gross weight based on the package, waste contents,  and shielding 
i n s t a l l e d  i n  o r  on the package. Information i s  provided i n  the  
tiedown analysis  i n  Part  B, Section 6.5 for spec i f i c  scenarios f o r  
addition of shielding which estimate approximate centers  of 
grav i ty .  Prepare a plan t o  sa fe ly  l i f t  the  package i n  the 
horizontal posit ion.  Hoisting and rigging operations shal l  
approve this plan. 

Remove the  tiedowns and prepare the  package f o r  rigging. 
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4.  Provide a su i tab le  crane, rigging, and l i f t i n g  beam (Drawing 
H-2-83744, Part  A ,  Section 9.5) t o  safely l i f t  the specif ied load 
and t r ans fe r  the  package horizontally t o  the  storage o r  process 
f a c i l i t y  in accordance with DOE-RL-92-36, Hanford S i t e  H o i s t i n g  

. and Rigging Manoa7 (RL 1993) and the  appropriate work plan. 
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7 . 0  QUALITY ASSURdNCE 

7 . 1  INTRODUCTION 

The QA requirements f o r  packaging and transport systems described in 
t h i s  SEP are  based on a short term t r ans fe r  campaign of spec i f i c  package 
contents.  
the packaging a f t e r  removal of the spec i f ic  contents (equipment) described in 
t h i s  SEP. 
be provided in a SARP ( f o r  long-term use of packaging) i s  n o t  considered 
necessary for t h i s  short-term t r ans fe r  campaign. 
spec i f i c  s e t  o f  ins t ruc t ions  are considered necessary t o  assure t h a t  the 
packaging and transport systems a r e  acceptable fo r  t h e i r  intended use. 

In addition, i t  i s  n o t  the in ten t  of t h i s  SEP to approve reuse of 

Under these conditions, an extensive QA program t h a t  would normally 

However, a QA plan or 

Verif icat ions shal l  be made t o  assure tha t  the following requirements 
were included i n  the  QA plan or s e t  of instruct ions and t h a t  these 
ins t ruc t ions  were followed t o  control the design, and fabr icat ion of the 
packaging: 

1.  Design, material procurement, construction, t e s t ing ,  and 
ver i f ica t ion  a c t i v i t i e s  for  the packaging are  in accordance with, 
or equivalent t o  WHC-CM-4-2 fo r  the assigned safety c l a s s .  

2 .  Approval requirements associated with the analysis ,  design, and 
fabr icat ion of the packaging and components are in accordance with 
WHC-CM-3-5, Document Control  and Records Management Manua7, and . 
are  properly documented. 

The assigned Safety Class 3 of the packaging and Safety Class 3 of 
the  packaging components (WHC 1994) are in accordance with 
requirements of Management Requirements and Procedures (MRP)  5.46, 

3 .  

WHC-CM-1-3. 

4. All required inspections and t e s t ing  of the packaging are  properly 
documented. 
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8.0 MAINTENANCE 

Preventive maintenance shall be performed on the packaging during the 
20 year design lifetime as required to prevent deterioration of the packaging. 
Preventive maintenance shall consist of inspection, repair and/or replacement 
of parts, and repainting. * 
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9.0 APPENDICES 

9.1 REFERENCES 

RL, 1993, Hanford S i t e  H o i s t i n g  and Rigging Manua7, DOE-RL-92-36, 
U.S. Department o f  Energy, R i c h l  and Operat ions O f f i c e ,  Rich land,  
Wash i ngton  . 

WHC, 1994, Packaging'Design C r i t e r i a  f o r  Trans fer  and Disposal o f  Hydrogen 
M i t i g a t i o n  Mixer Pump, WHC-SD-TP-PDC-019, Westinghouse Hanford  Company, 
Rich land,  Washington. 

WHC-CM-1-3, Management Requirements and Procedures, Westinghouse Hanford 
Company, Rich land,  Washington. 

WHC-CM-1-6, WHC Radio7ogica7 Contro7 Manua7, Westinghouse Hanford Company, 

WHC-CM-2- 14 , Hazardous Mater i a 7 Packagi ng and Sh i pp  i ng , West i ng hous e H an f o r d  

R i  c h l  and, Washington. 

Company, R ich land,  Washington. 

WHC-CM-3-5, Document COntr07 and Records Management Manua7, Westinghouse 
Hanford Company, Rich land,  Washington. 

WHC-CM-4-2, Qua7 i t y  Assurance Manua7, Westinghouse Hanford Company, 
R i c h l  and, Washington. 
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9.2 HYDROGEN MIXER PUMP CONTAINER (H-2-83750 and H-2-83734) 

A9-2 
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9.3 STRONGBACK SECTIONS AND DETAILS (H-2-83736) 
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PART B - PACKAGE EVALUATION 

1.0 INTRODUCTION 

1.1 SAFETY EVALUATION METHODOLOGY 

Part  B of this Safety Evaluation f o r  Packaging (SEP) i d e n t i f i e s  and 
evaluates the requirements considered applicable t o  the  one-time t r ans fe r  of 
the  Hydrogen Mitigation Mixer Pump (HMMP) Package and will evaluate the  
adequacy and acceptab i l i ty  o f  the  packaging and t r ans fe r  systems described i n  
Part .A of this  SEP. The SEP demonstrates t h a t  the  ons i te  t r a n s f e r  meets the  
onsite t ranspor ta t ion  safe ty  c r i t e r i a  (WHC 1994b). 

A.  Methodology used t o  evaluate the acceptab i l i ty  o f  the package for 
safe ons i t e  t r ans fe r  was t o :  

1. Determine the  probabi l i ty  of an accident d u r i n g  t r ans fe r .  

2 .  Determine the  estimated release of radioact ive materi a1 s 

T h e  r e s u l t s  o f  the  s tudies  were compared t o  approved r i s k  
acceptance c r i t e r i a  for ons i te  t r ans fe r s  a t  the  Hanford S i t e .  
This approach determines the applicable dose consequence l imi t s  
l i s t e d  i n  WHC-SD-TP-RPT-001, Report on Equiva7ent Safety for 
Transportation and Packaging of Radioactive Materia7s (WHC 1994b). 
Three accident probabi l i ty  ranges a re  l i s t e d  in the  equivalent 
s a fe ty  document ( incredible ,  credible ,  and probable). Each 
accident probabi l i ty  range has a maximum ons i te  and o f f s i t e  dose 
consequence l imit .  For the short  mileage requirements evaluated 
i n  th is  SEP, the probabi l i ty  of an accident during t ransfer  of the  
package was determined t o  be " incredible"  ( l e s s  than 10- ) .  
Reference t o  the equivalent sa fe ty  document indicated t h a t  the  
appl icable  dose consequence l imi t s  f o r  accidents i n  t he  incredible  
range of events i s  25 rem t o  an o f f s i t e  person. 
was then compared t o  r e s u l t s  of a dose consequence study which 
determined t h a t  the  dose consequence following the  potent ia l  
accident conditions were w i t h i n  acceptance l i m i t s  o f  the  
equivalent sa fe ty  document. 

Spec i f ic  t e s t s  were selected t o  provide a basis f o r  evaluation of 
package parameters for normal conditions o f  t r ans fe r  and 
ident i f ied accident conditions.  
simulated and were evaluated by analysis .  

following an assumed accident condition. 

T h i s  information 

B. 

The specif ied t e s t s  were 
In cases where the  
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C .  

probabiJ i t y  of  an accident was considered incredible,  only t e s t ing  
for  normal conditions of  t r ans fe r  were considered in t h i s  SEP. 

Methodology used to '  assure t h a t  the  large long-length package 
described in t h i s  SEP will n o t  leak contents during normal 
conditions of  t r ans fe r  consisted of  evaluating r e s u l t s  of  package 
d r o p  t e s t  data .  
assuring t h a t  the in t eg r i ty  of  c r i t i c a l  package containment 
components would n o t  be impacted following the  simulated d r o p  
t e s t s .  . As noted, development of  extensive leak t e s t i n g  c r i t e r i a  
associated with hypothetical accident conditions was n o t  evaluated 
due t o  the  incredible probabi l i ty  o f  an accident. 

Evaluation of  the  d r o p  t e s t  data consisted of  

1.2 EVALUATION SUMMARY AND CONCLUSIONS 

Evaluation of  the  following safety concerns re la t ing  t o  the design and 
t r ans fe r  o f  the  HMMP Package indicated t h a t  the  proposed packaging/transfer 
system i s  considered safe  for the int.ended usage and meets the  ons i te  
t ransportat ion safe ty  c r i t e r i a .  

An accident frequency assessment o f  the HMMP Package t ransferred over a 
spec i f ic  route from the  Tank Farms t o  the  Central Waste Complex (CWC) and from 
the CWC t o  T Plant was conducted and indicated tha t  an acc ide t t  during 
t r ans fe r  i s  n o t  considered probable (incredible-less than 10- ) .  
based on t ransfer r ing  the HMMP Package a to t a l  of 4 .3  miles. 

This was 

A dose consequence study showed tha t  radiat ion dose r a t e s  and the 
radionuclides t h a t  may be released in the incredible event of  an accident are  
well below the  dose consequence l imi t s  of 25 rem t o  an o f f s i t e  person. 

Conditions r e l a t ing  t o  normal handling o f  the  package we.re evaluated and 
determined t o  be adequate. 
t r ans fe r  conditions include f r ee  d r o p ,  v ibrat ion,  pressure,  and penetration 
t e s t ing .  Results of  the  d r o p  t e s t  analysis indicated t h a t  the  package would 
survive a d r o p  t e s t  a t  the  designated height(s)  without unacceptable physical 
impairment. In addition, the  d r o p  t e s t  r e su l t s  indicated t h a t  t he  in t eg r i ty  
o f  c r i t i c a l  closure components would n o t  be impacted. 

Simulated t e s t ing  performed t o  evaluate normal 

Containment o f  the package contents during normal t r ans fe r  conditions 
was evaluated based on r e su l t s  o f  the  d r o p  t e s t  and was determined t o  be 
acceptable f o r  t he  s ta ted  conditions of  handling and ons i te  t r ans fe r .  

Shielding evaluations indicated tha t  su f f i c i en t  shielding ( i f  required) 
can be in s t a l l ed  on the  outside of  the package t o  l imi t  contact dose r a t e s  t o  
100 mrem/h. This will meet the  radiat ion dose r a t e  requirements for b o t h  the 
t r ans fe r  and storage o f  mixed, category 3,  low-level waste. 
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The tiedown system design and analysis  were evaluated and determined t o  
be adequate t o  assure t h a t  the package will be properly secured t o  the  vehicle 
during t r ans fe r .  

A structural analysis  of the  package indicated t h a t  the l i f t i n g  
attachments on the  package have su f f i c i en t  strength t o  safe ly  l i f t  a f u l l y  
loaded package in the  horizontal posi t ion.  

A thermal analysis  of the package indicated t h a t  the  f u l l y  loaded 
package would not exceed external surface temperature limits due t o  so l a r  
insolat ion and radioact ive contents decay heat. 
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2.0 CONTENTS EVALUATION 

2.1 CHARACTERIZATION 

Certain cha rac t e r i s t i c s  of radioactive materials must be ident i f ied  and 
evaluated t o  assure t h a t  the contents of a package can be safe ly  t ransfer red .  
Three major concerns re la t ing  t o  t ransfer r ing  radioactive materials are  as 
fol  1 ows : 

1. The ef fec t ive  A, value (A2,) of the material must be calculated t o  
determine i f  the package must be t ransferred as a Type A or Type B 
quantity of material .  
Type B quantity of radioactive material ,  a SARP or SEP i s  required 
t o  approve onsi te  t r ans fe r  o f  the  package. For a description of 
A values o f  individual radionuclides and calculat ions of the A,, o f  mixtures o f  radionuclides, see 10 CFR 71, Appendix A.  

I f  the package contents are  a Type A or 

4 

2. 'The quantity of f i s s i l e  materials (normally in grams) must be 
calculated t o  determined i f  the package contents must be 
c l a s s i f i ed  fo r  t r ans fe r  as " f i s s i l e "  or " f i s s i l e  excepted." I f  
the contents are  " f i s s i l e ' !  a c r i t i c a l i t y  study must be performed. 
See 10 C F R  71.4,  71.52, and 71.55 for  def in i t ion  of f i s s i l e  
materi a1 s .  

3 .  The corrosive properties of the radioactive materials must be 
ident i f ied  and evaluated t o  assure tha t  the contents are ' 

compatible with the packaging materials.  

Methods used in t h i s  SEP t o  determine i f  package contents are  Type A or 
Type B consisted of developing tables  t o  indicate the  estimated curies  of 
radioactive materials attached t o  the equipment and then comparing the  
estimated cur ie  values t o  acceptable Type A l imi t s .  

Based on a waste generation study (WHC 1994a), Table B2-1 below was 

The activ ' i ty in cur ies  i s  shown fo r  an estimated 3 mm 
developed t o  indicate  the ac t iv i ty  of radionuclides estimated t o  be attached 
t o  the  mixer pump. 
th ick fi lm o f  waste tank material attached t o  spec i f ic  areas of the pump and a 
l iqu id  holdup of  68 gallons inside the pump. This i s  considered the "worst 
case" waste t h a t ' w i l l  be attached t o  and contained inside the  pump and will be 
used t h r o u g h o u t  t h i s  SEP t o  assure tha t  the package i s  properly evaluated for  
the intended use. 

Table B2-2 was developed t o  determine the A,, values fo r  the  mixture of 
radionuclides attached t o  and contained inside the mixer pump. 
above, i f  the t o t a l  cur ies  of waste material attached t o  the  mixer pump i s  
g rea te r  than the  A,, value o f  the  mixture, the waste equipment must be . 
t ransferred as a Type B quantity of waste. 

As noted 
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Table B2-1. Radionuclide Activity for the HMMP Package. 

* Based on 68 gal jon waste holdup i n  pump legs (987 lb )  
** Based on 3 mn f i l m  thickness o f  waste (582 lb) 
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. Table B2-2. Effec t ive  A, -- HMMP Package. 

Note: The effective A2 value is 1.00/0.4985 = 2.006 Ci. 
the effective A value, therefore, the mixer pump must be transferred as a Type 8 
quantity of was&. The total activity in terms of A, is 560.79/2.01 = 280 A,s 

The total curies are greater than 
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The t o t a l  estimated curies  of  material in the  package contents (561 Ci) 
i s  281 times grea te r  than the  A,, value o f  the  mixture of  radionuclides 
indicating t h a t  the  mixer pump must be t ransferred as a Type B quantity of  
waste. 
f rac t ion  o f  a c t i v i t y  for each radionuclide in the  mixture and A, i s  the  
appropriate Type A cur ie  l imi t  for each radionuclide. 

F i s s i l e  mater ia ls  present in the waste are  238Pu, 239Pu, 241P~ , . and  
The quantity (grams) of  each component o f  f i s s i l e  material i s  based on t he  
t o t a l  cur ies  o f  each component divided by the  spec i f ic  a c t i v i t y  o f  each 
component. 
mater ia ls  in the HMMP Package evaluated in t h i s  SEP. 

The A,, value for a mixture i s  equal t o  l/I f i / A ,  where f i  i s  a 

235 u 

Table B2-3 was developed t o  determine the  to t a l  grams o f  f i s s i l e  

Tab1 e BZ-3. F i  ssi 1 e Content. 

As shown in Table 82-3, the  to t a l  quantity o f  the  f i s s i l e  radionuclides 
estimated t o  be attached t o  and contained inside the  mixer pump i s  1.7947 g .  
Radioactive waste i s  excepted from f i s s i l e  c l a s s i f i ca t ion  i f  the  t o t a l  
quantity o f  f i s s i l e  components are  l e s s  than 15 g (DOT 1992) in each package. 
Under the conditions s ta ted  above, the package containing the  mixer pump will 
be considered as " F i s s i l e  Excepted." Based on the "F i s s i l e  Excepted" 
c l a s s i f i c a t i o n ,  a c r i t i c a l i t y  study will  n o t  be performed as par t  o f  this,SEP 
eval uat i  on.  

The corrosive components are  considered t o  be the non-radioactive 
chemicals in the waste contents. 
t h a t  resul ted in  c l a s s i f i ca t ion  of the materials as "mixed waste." Two 
conditions should be considered with reference t o  the  potential  corrosive 
propert ies  o f  these chemicals: 

These chemicals a re  the  hazardous components 

1. Materials in underground radioactive waste storage tanks are  
neutralized t o  a 10 pH or higher t o  prevent corrosive reactions 
with the  carbon s tee l  tank materials.  
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The chemicals are normally in a l iquid phase in the tank and will 
normally be washed o f f  by spraying the  equipment with water during 
removal. 

For purposes of evaluating the package fo r  t r ans fe r ,  the potential  
corrosion o f  packaging materials from the estimated minute quantity of 
non-radioactive chemicals t h a t  may remain attached t o  the so l id  waste material 
i s  considered ins igni f icant .  
will be included in the package t o  absorb any f r ee  l iqu ids .  This will prevent 
d i r e c t  contact o f  l iqu ids  with the packaging materials and will tend t o  
prevent or delay any potential  corrosive reactions tha t  may impact the  package 
during the speci f i ed service 1 i f e .  

I t  should  also be noted t h a t  absorbent material 

2.2 CONTENT RESTRICTIONS 

Since this  SEP app’roves the  t ransfer  of spec i f ic  package contents,  
generic r e s t r i c t i o n s  o f  the contents are n o t  considered applicable.  
by def in i t ion  of  the SEP document, contents t ha t  exceed estimated weights 
and/or radionuclide l imi t s  cannot be t ransferred under the SEP unless an 
Engineering Change Notice ( E C N )  i s  issued. The maximum amount of cur ies  fo r  
each radionuclide estimated t o  be attached t o  the hydrogen mitigation mixer 
pump i s  shown i n  Table B2-1. 
radionuclides attached t o  the pump i s  shown in Table B2-3. 

However, 

The estimated maximum quant i t ies  of f i s s i l e  

2.3 CONCLUSIONS 

Package contents as characterized in the waste generation study 
(WHC 1994a) shown in Part A; Section 3 . 0 ,  and evaluated in t h i s  section of the 
SEP are  considered t o  be properly ident i f ied and su f f i c i en t ly  analyzed t o  be 
considered acceptable for t r ans fe r  in the HMMP Package. 
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Incredible 

Credible 

Probable 

Rev. 0 

Annual Accident Dose Limits Dose Limits 

< 1 0 - ~  N / A  N / A  

1 0 - ~  t o  < N / A  25 ( E D E )  

io-6 t o  < 1 0 - ~  5/15/50 0.5/1.5/0.5 

Frequency Onsite Worker (rem) Of f s i t e  Farmer (rem) 

t o  1 0.2/0.6/2 0.01/0.03/0.1 

3.0 RADIOLOGICAL RISK EVALUATION 

3.1 INTRODUCTION 

Packaging and t ransportat ion systems were evaluated t o  determine i f  
calculated radiological re leases  t h a t  may occur during t r ans fe r  of the  package 
a re  considered t o  be w i t h i n  acceptable radiological limits l i s t e d  i n  
WHC-SD-TP-RPT-001, Report on Equiva7ent Safety for Transportat ion and 
Packaging of Radioactive Materia7s (WHC 1994b). Results o f  an accident 
frequency assessment and dose consequence study were 'used as  the  basis  for 
analyzing and comparing ident i f ied  risks t o  the  approved risk acceptance 
c r i t e r i a .  

3.2 RISK ACCEPTANCE CRITERIA 

Specif ic  r isk acceptance c r i t e r i a  f o r  ons i te  t r ans fe r s  of material a t  
the  Hanford S i t e  a re  shown i n  the Report on Equiva7ent Safety for 
Transportation and Packaging of Radioactive Materials (WHC 1994b); however, 
f o r  purposes o f  evaluations i n  t h i s  SEP, spec i f ic  c r i t e r i a  data  from the  
referenced document a re  shown in Table B3-1. 

Table B3-1. Risk Acceptance Cr i t e r i a .  

3 . 3  ACCIDENT FREQUENCY ASSESSMENT 

An accident frequency assessment (see Part  B ,  Section 3.6) was performed 

Results o f  the  accident frequency assessment indicated 
t o  determine the probabi l i ty  of an accident f o r  the  one-time shipment 
described i n  th i s  SEP. 
t h a t  the short-term mileage of t h i s  campaign precludes the a c t i v i t y  from 
fa1 1 ing within the credible  .or probabl e frequency jange  .for accidents.  The 
accident frequency was calculated t o  be 4.97 x 10- indicat ing t h a t  accidents 
a re  considered incredible  f o r  the ons i te  t r ans fe r  o f  the  HMMP Package 
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descr ibed i n  t h i s  SEP. 
an o f f s i t e  fa rmer  a r e  r e q u i r e d  f o r  a c a l c u l a t e d  acc iden t  f requency o f  below 

However, t h e  pred;cted e f f e c t  t o  an o f f s i t e  i n d i v i d u a l  was eva lua ted  
based on t h e  t o  10- acc ident  f requency f o r  added conservat ism. 

As no ted  i n  Table B3-1, no r a d i a t i o n  r e l e a s e  l i m i t s  t o  

3.4 DOSE CONSEQUENCE ANALYSIS 

A dose consequence a n a l y s i s  (see da ta  sheets - P a r t  B, Sec t ion  3.7) was 
performed t o  assess t h e  r e s u l t s  o f  a r a d i o l o g i c a l  r e l e a s e  o f  m a t e r i a l  t o  an 
o f f s i t e  fa rmer  f o r  the.HMMP Package i n  t h e  u n l i k e l y  event  o f  an acc iden t .  
a n a l y s i s  assumed i n  t h e  wors t  case t h a t  30% o f  t h e  r a d i o n u c l i d e  i n v e n t o r y  i s  
re leased  t o  t h e  environment i n  l e s s  than one hour,.50% o f  t h e  re leased  
i n v e n t o r y  i s  d i spe rsed  t o  t h e  atmosphere, and t h a t  decay o f  t h e  r a d i o n u c l i d e s  
began a t  t h e  t i m e  o f  re lease .  The a n a l y s i s  i n d i c a t e d  t h a t  an o f f s i t e  farmer 
a t  t h e  neares t  s i t e  boundary would be sub jec ted  t o  a 50 y e a r  commit ted 
e f f e c t i v e  dose e q u i v a l e n t  (EDE) o f  4.1 rem f o r  an acc ident  w i t h  an es t imated 
15% dispersement o f  t h e  r a d i o n u c l i d e  i n v e n t o r y  t o  t h e  atmosphere. 

The 

3.5 RISK EVALUATION AND CONCLUSIONS 

For i n c r e d i b l e  acc iden t  c o n d i t i o n s  f o r  acceptable r e l e a s e  l i m i t s  a t  t h e  
Hanford S i t e ,  t h e  c a l c u l a t e d  4*.1 rem EDE t o  an o f f s i t e  farmer i s  w e l l  below 
t h e  25 rem l i m i t  shown i n  Table B3-1. The conc lus ions  o f  t h i s  e v a l u a t i o n  a re  . 
t h a t  t h e  i d e n t i f i e d  r a d i o l o g i c a l  r i s k s  assoc ia ted  w i t h  t h e  one-time t r a n s f e r  
o f  t h e  HMMP Package descr ibed i n  t h i s  SEP a re  acceptable.  

B3-2 



WHC-SD-TP-SEP-026 Rev. 0 

3.6 ACCIDENT FREQUENCY ASSESSMENT 
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HYDROGEN MITIGATION MIXER PUMP TRANSPORT FROM 101-SY TANK FARM 
TO CENTRAL WASTE COMPLEX AND T PLANT 

1.0 INTRODUCTION 

T h i s  report  contains an accident frequency assessment f o r  t ransfer r ing  

To perform the analysis ,  an estimate must 

the Hydrogen Mitigation Mixing Pump (HMMP) package containing contamination 
removed from Tank 101-SY t o  the Central Waste Complex (CWC) and eventually t o  
T Plant f o r  treatment/processing. 
be made of the  dis tance t h a t  will be t rave l led  and then apply the s i t e  data 
f o r  vehicle accident frequencies which are  based.on t h i s  dis tance.  

2.0 APPROACH 

The approach t h a t  will be used in t h i s  analysis i s  t o  develop an event 
t r e e  t h a t  def ines  a l l  of the events required f o r  an accident leading t o  a 
possible re lease  of radioactive material in the t ransport  of the HMMP package 
by t ruck.  The event t r e e  (Figure 2-1) maps t ransportat ion accident sequences 
resu l t ing  in radioact ive releases  by considering a se r i e s  of questions.  
questions,  a lso ca l led  t o p  events,  appear across the t o p  of the t r e e .  The 
decisions or "branch" points under these t o p  events .are  described and 
discussed in the paragraphs t h a t  follow. 

These 

3.0 TRAVEL DISTANCE 

The pathway selected f o r  t h i s  analysis hastt.he vehicle leaving the SYth 
t a n k  farm and going  Sou th  on'Camden Avenue t o  10 S t r ee t .  T u r n  West on 10 
S t r ee t  and go t o  Cooper Avenue. T u r n  
West on 13th S t r e e t  t o  Dayton Avenue. T u r n  North on Dayton Avenue and dr ive  t o  
the CWC. The dis tance from SY Tank Farm t o  the CWC i s  l e s s  than three  miles. 
The additional t r i p  from the CWC t o  T Plant i s  1.3 miles. Go North on Dayton 
and East on 23rd S t r ee t  t o  accomplish t h i s  t r i p .  Therefore, the t o t a l  mileage 
f o r  t h i s  t r i p  i s  l e s s  than 4.3 miles. This i s  the dis tance t h a t  will  be used 
in t h i s  study. 
b u t  the  r e s u l t s  of the generic event t r e e  (see Figure 2-1) will  be multiplied 
by t h i s  mileage t o  determine the frequency of the potential  accidents.  
f i r s t  event of the  event t r e e ,  SHIPPING ACTIVITY, will be assigned a frequency 
of one (see Figure 3-1 f o r  pathway dr iven) .  

T u r n  North on Cooper t o  13th S t r e e t .  

I t  will n o t  be used d i r ec t ly  in the event t r e e  development, 

The 
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Figure 2-1. Transportation Event Tree. 
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Figure 3-1. Transportation of Pump from SY Tank Farm t o  CWC. 
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4.0 HANFORD VEHICLE ACCIDENT STATISTICS 

Hanford S i t e  s p e c i f i c  da ta ,  r a the r  than Washington S t a t e  s t a t i s t ; c s ,  
were used t o  develop accident frequencies and p robab i l i t i e s .  Washington S t a t e  
s t a t i s t i c s  represent  a s ign i f i can t ly  d i f f e r e n t  t ranspor ta t ion  environment than 
the  Hanford S i t e  because commerci a1 t ranspor ta t ion  has 1 i t t l  e inf luence on i t s  
operating condi t ions while Hanford on-site shipping . i s  highly cont ro l led .  

Due t o  a computer system upgrade, i t  i s  n o t  possible  t o  separa te  mileage 
by vehicle  c l a s s  p r io r  t o  1992. Therefore, a s ing le  accident r a t e  f o r  a l l  
c l a s ses  i s  developed by dividing the number o f  t ruck accidents by the  t o t a l  
t ruck  miles.  The occurrence of 114 reportable  accidents over 26.0 mil l ion 
miles results in  an accident r a t e  of 4.38E-06 accidents per mile.  
WHC-SD-TP-RPT-007 f o r  a l i s t  of the accidents and the  miledge. 
wil l  be assigned t o  the  second event, REPORTABLE, on the  event t r e e .  

Weight over 8500 pounds) over a period in which 26.0 mil l ion miles were 
dr iven.  
damage be reported.  
t o  $5,000. O f  these  accidents only thirty-one (27 .2  percent) resu l ted  in 
major damage in  which an undesired radioact ive re lease  could occur. This 
prqbabi l i ty  o r  percentage wil l  be applied t o  event t h ree ,  DAMAGE LEVEL, on the 
event t r e e .  (Two were ro l lovers ,  twenty-three were c o l l i s i o n s ,  one was a 
random f i r e ,  and f i v e  occurred on icy r o a d s ) .  Ratios wil l  be used on the 
fourth event,  ACCIDENT TYPE, t o  divide the 31 major  accidents on  the event 
t r e e .  The remaining eighty-three were minor "fender benders!' o r  accidents 
involving special  vehicles  such a s  f i r e  t rucks and cranes.  

See 
This frequency 

The Hanford S i t e  had 114 reportable  truck accidents (Gross Vehicle 

The U.S. Department of Energy requires  accidents with $500 iSr more 
A proposed change t o  WHC-CM-1-13 may increase the  amount 

Commercial t ruck  t ranspor ta t ion  data  shows t h a t  secondary f i r e s  occur in 
approx7mately one percent o f  a l l  t ruck accidents (Clark,  1976). Vehicle f i r e s  
can-damage the  cargo and allow radioact ive re leases .  Cargo environments can 
range from minor thermal exposure t o  severe thermal exposure. The f i f t h  
event,  SECONDARY FIRE, i s  evaluated based on the  one percent f i r e  occurrence 
d a t a .  

Few vehicle  f i r e s  ser iously threaten the  cargo because f i r e s  a r e  usually 

Based on the response time o f  t he  f i r e  

One-third o f  the remaining ten percent can be cont ro l led  by 

confined t o  small areas  or are  of short  durat ion.  
s t a r t  in the  engine compartment, cargo will  n o t  be s i g n i f i c a n t l y  damaged i f  a . 
f i r e  i s  cont ro l led  within ten minutes. 
department, ninety percent o f  a l l  t ruck  f i r e s  can be extinguished during the  
i n i t i a t i n g  phase. 
the  f i r e  department before the  cargo i s  damaged. 

Because f i r e s  t y p i c a l l y  

. 

Two f a c t s  j u s t i f y  these assumptions. F i r s t ,  hand-held f i ' r e  
ext inguishers  a r e  e f f ec t ive  on vehicle  f i r e s  i f  l e s s  than seventy-five g a l l o n s  
o f  fuel or l e s s  than one thousand pounds of so l id  combustible cargo a re  
involved. Second, the  loca t ions  o f  t he  three  f i r e  s t a t i o n s  on . the  Hanford 
S i t e  allow f i r e  t rucks t o  ge t  t o  one-third o f  the  s i t e  within f i v e  minutes, I 
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t w o - t h i r d s  o f  t h e  s i t e  w i t h i n  t e n  minutes,  and t o  t h e  e n t i r e  s i t e  w i t h i n  
f i f t e e n  m inu tes  (Reference 4 ) .  From t h i s  i n f o r m a t i o n  a p r o b a b i l i t y  o f  
6.66e-02 was f o r m u l a t e d  and used f o r  event  s i x ,  FIRE CONTROL, on t h e  event  . 
t r e e .  

The f i n a l  event ,  PACKAGE, on t h e  event  t r e e  e v a l u a t e s  t h e  proposed 
packaging. Based on t h e  packaging des ign  c r i t e r i a ,  WHC-SD-TP-PDC-019, D r a f t ,  
t h e  t r a n s f e r  pump l o c a t e d  i n  t a n k  241-SY-101 weighs 20,906 1 b s . w i t h  t o t a l  . ' 

w e i g h t  waste m a t r i x ,  i s  4 1  i n c h e s ' i n  d iameter ,  and 60 f e e t  l o n g .  The package 
f o r  t h i s  pump w i l l  be analyzed f o r  a drop o f  t h r e e  f e e t .  
t i e d  down t o  t h e  v e h i c l e .  The t iedown dev ices  used t o  secure t h e  package t o  
t h e  t r a n s p o r t  v e h i c l e  s h a l l  be designed and eva lua ted  t o  assure t h e  t ie-down 
assembl ies used t o  secure t h e  packaging can w i t h s t a n d  sudden s t o p s  o r  
c o r n e r i n g  a t  15 MPH. At tachments s h a l l  be p r o v i d e d  on t h e  package c o n t a i n e r  
as r e q u i r e d  t o  s a f e l y  l i f t  t h e  waste package and secure t h e  package d u r i n g  
t r a n s f e r .  Any l i f t i n g  at tachment t h a t  i s  a s t r u c t u r a l  p a r t  o f  t h e  package 
s h a l l  be des igned w i t h  one o f  t h e  f o l l o w i n g  (whichever  i s  more c o n s e r v a t i v e ) :  

The packages w i l l  be 
. 

0 

0 

A minimum s a f e t y  f a c t o r  o f  t h r e e  a g a i n s t  y i e l d i n g .  

A s a f e t y  f a c t o r  o f  f i v e  based on t h e . u l t i m a t e  s t r e n g t h  o f  
m a t e r i a l .  When t h e  l i f t i n g  at tachment i s  used as i n tended ,  i t  
must be designed so  t h a t  t h e  l i f t i n g  d e v i c e  f a i l u r e  caused by an 
excess i ve  l o a d  w i l l  n o t  i m p a i r  t h e  package f rom mee t ing  o t h e r  
c r i t e r i a .  Any s t r u c t u r a l  p a r t  o f  t h e  package n o t  approved f o r  
l i f t i n g  t h e  package s h a l l  be rendered i n o p e r a b l e  f o r  l i f t i n g  t h e  
package d u r i n g  t r a n s f e r  o r  s h a l l  be des igned w i t h  s t r e n g t h  
e q u i v a l e n t  t o  t h a t  r e q u i r e d  f o r  t h e  approved l i f t i n g  at tachments.  

The speed o f  t h e  t r a n s p o r t  t r a i l e r  s h a l l  n o t  exceed 35 mph on s t r a i g h t  
s e c t i o n s  o f  t h e  r o a d  and 15 mph on curved s e c t i o n s  o f  t h e  road  d u r i n g  waste 
t r a n s f e r s .  
random f i r e  o r  c o l l i s i o n  a t  5.OE-03, and 5.OE-02 due t o  a r o l l o v e r .  I n c l u d e d  
i n  t h e  package f a i l u r e  p r o b a b i l i t y  i s  a f a c t o r  t o  account f o r  t h e  percentage 
o f  r a d i o a c t i v e  r e l e a s e .  For  a complete r e l e a s e ,  n o t  o n l y  would t h e  packaging 
have t o  f a i l ,  b u t  t h e  .pump i t s e l f  would have t o  open t o  r e s u l t  i n  a complete 
i n v e n t o r y  r e l e a s e .  

T h i s  i n f o r m a t i o n  was used t o  e s t i m a t e  t h e  package f a i l u r e  due t o  a 

These va lues appear on t h e  event  t r e e .  

4.1 EVENT TREE EVALUATION 

FoGrteen a c c i d e n t  sequences a r e  d e f i n e d  by t h e  event  t r e e .  E i g h t  o f  
t hese  r e s u l t  i n  no r e l e a s e .  It shou ld  be no ted  t h a t  i t  was assumed t h a t  t h e  
t r a n s f e r  would n o t  be a l l owed  t o  occur  d u r i n g  i c y  r o a d  c o n d i t i o n s . '  Three 
seauences r e s u l t  i n  a re lease .  and t h r e e  more r e s u l t  i n  a f i r e  r e l e a s e .  One 
o f  ' t h e  combi n a t i o n s  o f  r e 1  eases 
c o n t r o l l e d  b u t  t h e  packaging f a  
f r e q u e n c i e s  f o r  t h e s e  a c c i d e n t s  
s e t  o f  two sequences r e s u l t i n g  
c o l l i s i o n  w i t h  no f i r e  b u t  w i t h  

i s  caused by a random f i r e  where t h e  f i r e  i s  
1s o r  t h e  f i r e  i s  n o t  c o n t r o l l e d .  The 
a r e  1.80E-10 and 2.56E-09 p e r  m i l e .  The n e x t  
n a r e l e a s e  i s  i n i t i a t e d  by a c o l l i s i o n .  The 
a packaging f a i l u r e  has a f requency  o f  
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4.38e-09 accidents  per mile, and the  c o l l i s i o n  with an uncontrolled f i r e  has a 
frequency of 5.89E-10 per mile. 
accident .  
5.12E-11 per mile with an uncontrolled f i r e .  
without a f i r e  r e s u l t s  in a frequency of 8.36E-09 accidents per mile. 
t h i s  i s  mult ipl ied by the dis tance of 4.3 miles r e s u l t s  in an accident 
frequency of 3.59E-08 per t r a n s f e r .  
sum t o  3.20E-09 acc iden t s ,pe r  mile. Again using 4.3 miles,  r e s u l t s  in a 
frequency of 1.38E-08 per t r a n s f e r .  ' 

The f ina l  s e r i e s  i s  i n i t i a t e d  by a ro l lover  
When there  i s  no f i r e  the frequency i s  3.80E-09 per mile and 

Summing the th ree  accidents 
When 

The th ree  accidents with a f i r e  re lease  

5.0 SUMMARY 

The sum f o r  the worst case accidents as defined by the maximum mileage 
for b o t h  w i t h  and without a f i r e  a re  l e s s  than  the annual c r i t e r i a  frequency 
of 1 .OE-06 per t ranspor t  and therefore  no fu r the r  r e s t r i c t i o n s  a re  required.  
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3.7 DOSE CONSEQUENCE ANALYSIS 
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Westing house 
Hanford Company 

Internal 
Memo 

From: Radiation Physics and Shielding 

Date: May 5, 1994 
Subject:  DOSE CONSEQUENCE ANALYSIS FOR THE .HYDROGEN MITIGATION MIXER PUMP 

Phone: 376-8244 HO-35 

SHIPPING CONTAINER 

To: R :  F .  Carlstrom 

cc: J .  G .  Field 
J .  Greenborg 

. A .  E .  Waltar 

REFERENCES:  

62-02 

62-02 
HO-3 5 
HO-32 

8D530-RLS-94-007 

H .  J .  Goldberg 
P .  D .  Rittmann 
RLS File/LB 

HO-35 
HO-36 

. 1. Internal  Memorandum R .  L .  Simons t o  R .  F .  Carlstrom, "Estimated 
from T a n k  101 SY,"  22570-RLS-93-010, Act iv i ty  on the  Mixer Pump Removed 

December 14, 1993. 

2 .  B.  E .  Hey, ' I G X Q  3 .1  User 's  Guide," 
Westinghouse Hanford Company, Rich 

3.  B.  A.  Napier, e t  a l . ,  "GENII - The 
Dosimetry Software System Volume 2 
Pac i f i c  Northwest Laboratory, Rich 

WHC-SD-GN-SWD-30002, Rev 0 ,  
and, WA, June 8,  1993. 

Hanford Environmental ' R a d i a t i o n  

and WA, November 1988. 
Users' Manual , I '  PNL-6584 vol  . 2 ,  

This memorandum repor t s  the  calculated dose consequences f o r  t h e  accidental  
r e l ease  of rad ioac t ive  material  from the  hydrogen mit igat ion mixer pump t h a t  
wil l  be shipped from the  200 West area t o  interim storage and processing 
f a c i l i t i e s .  The r e s u l t s  of t h i s  analysis  wil l  be used by Transportation and 
Packaging t o  determine the  dose consequence o f f - s i t e .  The ana lys i s  assumed 
in the  worst case t h a t  30 percent o f  the  radionuclide inventory i s  released 
t o  the  environment in l e s s  than one hour, 50 percent of the  released 
inventory i s  dispersed t o  the  atmosphere, and t h a t  decay of t he  
radionuclides began a t  t he  time of r e l ease .  

The radi onucl ide  source was reported in reference [ 13. 
dispers ion o f  radionuclides ( X / Q )  was calculated with the  GXQ computer code 
[2] '  using Hanford S i t e  s p e c i f i c  meteorological da ta .  The Gaussian s t r a i g h t  
l i n e  plume model was used f o r  the  ana lys i s .  
dose equivalent  ( E D E )  t o  a farmer a t  the  s i t e  boundary included d i r e c t  
i r r a d i a t i o n  from the  passing cloud, and uptake by inha la t ion ,  t e r r e s t r i a l ,  
and animal pathways. The o f f - s i t e  EDE was calculated with version 1.485 of 
GENII [ 3 ] .  The r e l ease  s i t e  was located a t  t he  s i t e  of the  tank 101 SY in 
the  200 West area.  Plume meander was n o t  considered in t h i s  ana lys i s .  

The atmospheric 

The 50.year committed e f f e c t i v e  

Hanford Operations and Engineering Contractor for the U S  Department of Energy 
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The EDE c a l c u l a t e d  by.GENI1 f o r  a n e t  15 p e r c e n t  r e l e a s e  t o  t h e  atmosphere 
i s  4 . 1  Rem t o  a fa rmer  a t  t h e  n e a r e s t  s i t e  boundary (near  t h e  Yakima 
b a r r i c a d e ) .  

At tachment  A g i v e s  GXQ i n p u t  d a t a  and At tachment  B g i v e s  G E N I I  i n p u t  d a t a  
f o r  f u t u r e  re fe rence  and f o r  r e v i e w  o f  t h i s  work. 

I f  you have any ques t i ons  r e g a r d i n g  t h i s  a n a l y s i s ,  p l e a s e  c o n t a c t  me. 

R . L .  Simons, P r i n c i p a l  S c i e n t i s t  
Phys ics  and R a d i a t i o n  S h i e l d i n g  

h 

Concurrence: 
J .  Greenborg, Manager 

Reviewed by: 
P. D. R i t tmann.  P r i n c i p a l  Enq ineer  
Envi ronmenta l  R i  sk  and' Performance Assessment 
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Radio1 ogi cal  and Nonradi ol  ogical  Re1 ease Cal cul a t i  ons 

Document Reviewed: In t e rna l  Memorandum: 8D530-RLS-94-007 

Dose Conseauence Anal v s i s  f o r  the Hvdrosen Mit iaat ion Mixer P u m D  ShiDDinq 
Container 
Submitted by: R. L. Simons , Date Submitted: Hay 5 ,  1994 

Scope o f  Review: Entire Document 
YFS NO* N/9 

rK1 [ I  r 1 5 .  

A de ta i l ed  technical  review and approval of  the 
environmental t r anspor t  and dose ca l cu la t ion  por t ion  o f  . 
t h e  ana lys i s  has been performed and documented. 
Detailed technical  review(s) and approval ( s )  of  scenar io  
and re1 ease determinations have been performed and 
documented. 
HEDOP-approved code( s) were used. 
Receptor l oca t ions  were se lec ted  according t o  HEDOP 
recommendations . 
A l l  appl i cab le  environmental pathways and code opt ions  
were included and a r e  appropr ia te  f o r  t h e  ca l cu la t ions .  
Hanford s i t e  da ta  were used. 
Model adjustments external  t o  the  computer program were 
j u s t i f i e d  and performed co r rec t ly .  
The ana lys i s  i s  cons is ten t  with HEDOP recommendations. 
Supporting notes ,  ca l cu la t ions ,  comments, comment 
reso lu t ions ,  o r  o ther  informati.on is  a t tached .  (Use the 
"Page 1 of XI' page numbering format and s ign  and d a t e  
each added page.) 

10. Approval is  granted on behalf o f  t h e  Hanford 
Environmental Dose Overview Panel. .. 

'* A l l  "No" responses m u s t  be explained and use of nonstandard methods 
justi f i  ed. 
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( p r i n t  o r  type)  
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Calc of GXP for tank SYlOl pump in 200 west area. 
c GXP Ver. 3.1 Input File 
c mode 

1 
C 
c MODE CHOICE: 
c mode = 1 then X/Q based on Hanford site specific meteorology 
c mode = 2 then X/Q based on atmospheric stability class and wind speed 
c mode = 3 then X/P plot file is created 

c LOGICAL CHOICES: 
c ifox inorm icdf ichk isite ipop icon 

t f f f f f f  
c ifox = t then joint frequency used to compute frequency to exceed X/Q 
C = f then joint frequency used to compute annual average X/P 
c inorm = t then joint frequency data is normalized (as in GENII) 
C = f then joint frequency data is un-normalized' 
c icdf = t then cumulative distribution file created (CDF.OUT) 
C = f then no cumulative distribution file created 
c ichk = t then X/P parameter print option turned on 
C = f then no parameter print 
c isite = t then X/P based on joint frequency data for all 16 sectors 
C o f then X/P based on joint frequency data of individual sectors 
c ipop = t then X/P is population weighted 
C = f then no population weighting 
c icon = t then X/P is air concentration 
C = f then X/P is integrated exposure 

c MODEL CHOICES: 
c idep iwake ip-n irise igrav iwash jflow iwind 

0 0 0 ~ 0 0 0 0 0  
c idep = 1 then plume depletion model turned on (Chamberlain model) 
c iwake = 1 then NRC RG 1.145 building wake model turned on 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

= 2 then MACCS virtual distance building wake model turned on 
= 1 then NRC RG 1.145 plume meander model turned on 
= 2 then 5th Power Law plume meander model turned on pm . 

rise = 1 then momentum/buoyancy plume rise model turned on, buoyancy 

= 2 then momentum/buoyancy plume rise model turned on, buoyancy 

. = 3 then sector average model turned on 

rise based on scnsibte heat emission 

rise based on initial plume density 
grav = 1 then gravitational settling model turned on 
wash = 1 then stack downwash model turned on 
flow = 1 then sigmas adjusted for volume flow rate 
wind = 1 then wind speed corrected for plume height 

= 0 to turn any of the above models off 

c PARAMETER INPUT: 
c stack wind 
c release speed 
c height height 
c (m) (m) 

0 10 

C 
c building 
.c width 
c (m) 

5 

building 
height 
( 0 1 )  
5 

mixing 
height 
(m) 
1000 

release 
duration 
(hr) 
1 

frequency 
to 
exceed 
(%) 

0.5 

deposition 
velocity 
(m/s) 
0.001 

scaling 
factor 
( ? )  
1 

gravitational 
sett 1 ing 
velocity 
(m/s) 
0.001 

sens i bl e 
heat 
emission 
rate 
(cal/s) . 
4.18000E+05 

stack 
diameter 
(m) 
1 

C 
C initial 
c initial plume 
c plume flow 
c density rate 
c (g/cc) (m3/S) 

0.001 22 0 

c RECEPTOR DEPENDENT DATA 
c FOR MODE make RECEPTOR DEPENDENT DATA 
c 1 (site specific) sector distance z-height 
c 2 (by class & wind speed) class windspeed distance offset z-height 
c 3 (create plot file) 

c RECEPTOR PARAMETER DESCRIPTION: 
c sector = 0, 1, 2. . .  (all, S, SSW, etc.) 
c distance = meters 

C 

class windspeed xmax imax ymax jmax xqmin power 
C 
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C 
C 
C 
C 
C 
C 
C 
C 

. c  
1 
2 
3 
4 
5 
6 
7 
8 
9 

. 10 
11 

.12 
13 
14 
15 

. 16 

WHC-SD-TP-SEP-026 Rev. 0 

class = 1, 2, 3, 4, 5 ,  6, 7 (P-G stability class A, B, C, D ,  E, F, G )  
windspeed = m / s  
offset = meters offset from plume centerline 
xmax = maximum distance to plot or calculate to (m) 
imax = distance intervals 
ymax = maximum offset to plot (m) 
jmax = offset intervals 
xqmin = minimum scaled X/P to calculate 
power = exponent in power function step size 

13160 
13430 
14860 
1271 0 
12460 
12680 
16430 
17290 
18960 
27280 
26890 
23640 
23270 
28110 
22790 
18380 

0 
0 
0 
0 
0 
0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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ATTACHMENT B 

INPUT DATA FOR GENII CALCULATION OF DOSE CONSEQUENCES 
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Program GENII Input File 8 Jul 88 #### 

Created on 05-02-1994 at 10:38 
Title: Site boundary dose consequences for SYlOl Pump 

F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 
F Population dose? (Individual) release, single site 
T Acute release? (Chronic) FAR-FIELD.: wide-scale release, 

Complete Complete 

\GENII\pump-sb. in 
OPTIONS========================= Default . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Maximum Individual data set used multiple sites 

TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY OPTIONS===== Section 

F Surface Water Transport 2 T Infinite plume, external 5 
T Air Transport 1 F Finite plume, external 5 

F Biotic Transport (near-field) 3,4 F Ground, external ' 5  
F Waste Form Degradation (near) 3,4 F Recreation, external 5 

T Inhalation uptake 5,6 

F Report AEDE only F Aquatic foods ingestion 7,8 
F Drinking water ingestion 7,8 

F Report by radionuclide T Terrestrial foods ingestion 7,9 
F Report by exposure pathway T Animal product ingestion 7,lO 
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY 1 *tR* 

REPORT OPTIONS=---------------------- ...................... 

4 
0 

TIME 

1 
50 
0 
0 
0 

C 14 
C060 
N159 
NI63 
SE79 
SR9O 
Y 90 
NB93M 
NB94 
TC9.9 
I 129 
CS137 
EU154 
U 235 
U 236 
U 238 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 
AM241 
CM242 
CM243 
CM244 

6.2E-04 
3.3E-01 
8.6E-05 
1.4E-02 
2.1E-04 

. .  

3.OE+01 
3.OE+01 
2.6E- 03 
3.OE-05 * 

2.4E- 01 
9.4E-03 
2.6E+O2 
2.4E+00 
3.7E-06 
2. SE-06 
3.4e-05 
2.7E-02 
4.5e-04 
9.Oe-03 
2.le-03 
1.8e-02 
9.9e-08 
1.6e-01 
8.Oe-05 
1.9e-04 
3.2e-03 

- - - - - - - - I _ - - -  I Derived Concentrations-----l 
Use when; measured values are known I I 
- - - - - - - - I - - - - - - _ - - _ - - - - - - - - - - - - - - - - - - - - - l  

Release ITerres. Animal Drink Aquatic! 
Radio- !Plant Product Water Food f 
nuclide ;/kg /kg /L /kg f 
_ _ _ _ _ _ _ _ I _ _ _ _ _ _ -  - - _ - - - -  - - - - - - -  _ _ _ _ - _ _ I  

Intake ends after (yr) 
Dose calc. ends after (yr) 
Release ends after (yr) 
No. of years of air deposition prior to the intake period 
No. of years of irrigation water deposition prior to the intake period 
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FAR-FJELD SCENARIOS (IF POPULATION DOSE) 1 

0 Definition option: 1-Use population grid in file POP.IN 
0 2 - U ~ e  total entered on this line 

NEAR-FIELD SCENARIOS 1 

0 
0 
1 .o 
0 
0 
1250 
TRANSPORT 

1 

1.62E 
0 
0 
F 

- 05 

Prior to the beginning of the intake period: (yr) 

(Biotic transport starts) 
Fraction of roots in upper soil (top 15 cm) 
Fraction of roots in deep soil 
Manual redistribution: deep soil/surface soil dilution factor 
Source area for external dose modification factor (m2) . 

When was the inventory disposed? 
When was LOIC? 

(Package degradation starts) 

----AIR ---- TRANSPORT------------------------------------ ____________________---------------- SECTION 1===== 
Release type (0-3) 
Stack release (T/F) Option: 1-Use chi/Q or PM value I F  

2-Select MI dist & dir l 0  Stack height (m) 
3-Specify MI dist & dir ) O  Stack flow (d/sec) 

Chi/P or Ph value . l o  Stack radius (m) 

MI distance from release point (m)I0 
Use jf data, (T/F) else chi/P gridI0 Building height (m) 

0-Calculate PM l o  

Effluent temp. (C) 
Bui lding x-section (m2) 

MI sector index (l=S) l o  

---- ----SURFACE WATER TRANSPORT========================== SECTION 2===== 
Mixing ratio model: @-use value, I-river, 2-lake 
Mixing ratio, dimensionless 
Average river flow rate for: MIXFLG=O ( d / s ) ,  MI'XFLG=l,2 (m/s), 
Transit time to irrigation withdrawl location (hr) 
If mixing ratio model > 0: 
Rate of effluent discharge to receiving water body (m3/s) 
Longshore distance from release point to usage location (m) 
Offshore distance to the water intake (rn) 
Average water depth in surface water body (m) 
Average river width (m), MIXFLG=l only 
Depth of effluent discharge point to surface water (rn), lake only - 

---- ---- WASTE FORM AVAILABILITY========================== SECTION 3===== 
0 Waste form/package half tife, (yr) 
0 Waste thickness, (m) 
0 Depth of soil overburden, m 

---- ----E I OT I c TRANSPORT OF 'BUR I ED SOURCE================SECT I ON 4===== 
T Consider during inventory .decay/bui ldup period (T/F)? 
T Consider during intake period (T/F)? ) 1-Arid non agricultural 
0 Pre-Intake site condition ..............) 2-Humid non agricultural 

EXPOSURE d 

I 3-Agricultural 

----EXTERNAL ---- EXPOSURE================================ SECTION 5===== 
Exposure time: I Residential irrigation: 

Consider: (T/F) 
Source: 1-ground water 

Application rate (in/yr) 
Duration (mo/yr) 

0 Plume (hr) I T  
Soil contamination (hr) I 0 0 

0 Swimning (hr) 

0 Shoreline activities (hr) I 0 
0 Shoreline type: (I-river, 2-lake, 3-ocean, 4-tidal basin) 
0 Transit time for release to reach aquatic recr.eation (hr) . 
1 .o 

I 2-surface water 
0 Boating (hr) i o  

Average fraction of time subnersed in acute cloud (hr/person hr) 
---- ---- INHALATION-------------------------------------- ---------------------------------------SECTION &==== 

8766.0 
0 0-No resus- 1-Use Mass Loading 2-Use Anspaugh model 
0 pension Mass loading factor (g/m3) Top soil available (cm) 

Hours of exposure to contamination per year 

---- ---- INGESTION POPULATION----------------------------- -----------------------------SECTION.7===== 
1 Atmospheric production definition (select option): 

0 0-Use food-weighted chi/Q, (food-sec/d), enter value on this line 
1-Use population-weighted chi/Q 
2-Use uniform production 
3-Use chi/P and production grids (PRODUCTION wi 11 be overridden) 

0 Population ingesting aquatic fgods, 0 defaults to total (person) 
0.0 Population ingesting drinking water, 0 defaults to total (person) 
F Consider dose from food exported out of region (default=F) 
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Note below: S* or Source: 0-none, 1-ground water, 2-surface water 
3-Derived concentration entered above 

AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8==== ---- ---- 
Salt water? (default i s  fresh) 

USE 
? FOOD 
T/F TYPE 

F FISH 
F MOLLUS 
F CRUSTA 
F PLANTS 

- - -  - - - - - -  

TRAN- 
SIT 
hr - - - - -  
0.00 
0.00 
0.00 
0.00 

PROD- 
UCT 1 ON 
kg/yr - _ _ _ - _ -  
O.OE+OO 
0. OE+OO 
O.OE+OO 
O.OE+OO 

-CONSUMPTION- ' 
HOLDUP RATE i 

DRINKING WATER da kg/yr I _ _ _ _ _ _  - _ - _ _  I _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _  

1.00 40.0 I 0 Source (see above) 
0.00 0.0 f T Treatment? T/F 
0.00 0.0 f 1.0 . Holdup/transit(da) 
0.00 0.0 I 730.0 Consumption (L/yr) 

USE GROW 
? FOOD TIME 
T/F TYPE da 

T LEAF V 90.00  
T ROOT V 90.00 
T FRUIT 90.00 
T GRAIN 90.00 

- - -  - - - - - -  - - - - -  

--IRRIGATION-- 
S RATE TIME 

in/yr mo/yr 

0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 

- _ _ - _ -  - - - - -  

PROD- 
YIELD UCTION 
kg/m2 kg/yr - - - - - - - - - - - - 
1.5 O.OE+OO 
4 . 0  O.OE+OO 
2.0 O.OE+OO 
0.8 O.OE+OO 

--CONSUMPTION-- 
HOLDUP RATE 
da kg/yr 

1.0 30.0 
5.0 220.0 
5.0 330.0 

180.0 80.0 

- _ - - _ -  _ - _ _ _ _  

---HUMAN---- TOTAL 
USE CONSUMPTION PROD- 
? FOOD RATE HOLDUP UCTION 
T/F TYPE kg/yr da kg/yr 

T BEEF 80.0 15,O 0.00 
T POULTR 18.0 1.0 0.00 
T MILK 270.0 1.0 0.00 
T EGG 30.0 1.0 0.00 

- - _  - - - - - _  - - - - - -  - - - - -  - - - - - -  . 

BEEF 
MILK 

DRINK 
WATER 
CONTAM 
FRACT. 

0.00 
0.00 
0.00 
0.00 

. - - - - - -  

-----. 
DIET 
FRAC- 
TION 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

- - - -  

_ - _ - .  

.--_-- 
GROW 
TIME 
da 

90.0 
90.0 
45 .O 
90.0 

45 .O 
30.0 

- - - -  

--STORED FEED-------------- 
-IRRIGATION-- STOR- 
S RATE TIME YIELD AGE 
* in/yr mo/yr kg/m3 da - - - - - -  - - - - -  - - - - -  - - - - -  
0 0.0 0.00 0.80 0.0 
0 0.0 0.00 0.80 0.0 
0 0.0 0.00 2.00 0.0 
0 0.0 0.00 0.80 0.0 

0 0.0 0.00 2.00 100.0 
0 0.0 0.00 1.50 0.0 

---FRESH FORAGE------------ 
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4.0 CONTAINMENT EVALUATION 

4.1 INTRODUCTION 

Evaluations i n  t h i s  sect ion a re  provided t o  assure  t h a t  t he  packaging 
containment system i s  acceptable t o  withstand designated conditions during 
normal o n s i t e  t r a n s f e r s  of the  package. The packaging containment system i s  
described in Part A, Section 2.5.  

4.2 NORMAL TRANSFER CONDITIONS 

For normal conditions of t r a n s f e r ,  the containment system sha l l  

Evaluation of t he  simulated d r o p  wil l  ve r i fy  t h a t  material  

withstand a s imulated.1 f t  d r o p  of the  packaging from a horizontal  posi t ion 
o n t o  a 12  i n .  t h i ck  reinforced concrete s l ab  with 89 rebar  a t  1 2  i n .  spacings 
f o r  reinforcement. 
s t r e s s e s  wil l  n o t  exceed y i e ld  s t r e s s e s  a t  c r i t i c a l  s t ruc tu ra l  or c losure  
loca t ions .  

Normal v ibra t ion  of the  package during t r a n s f e r  wil l  be evaluated t o  
assure  t h a t  the p'ackage i s  capable of withstanding the  expected movements. 

The package sha l l  be evaluated t o  determine the e f f e c t s  o f  a reduction 
i n  external pressure o f  3 . 5  psi absolute and an increase i n  external  pressure 
o f  20 psi absolute .  

. .  

A penetrat ion t e s t  shall  be performed on the  package t o  determine the  
e f f e c t s  o f  the  hemispherical end of a ver t ica l  s t ee l  cyl inder  of 3 . 2  cm 
diameter and 6 kg mass dropped from a height of 1 m .  .The s t ee l  cyl inder  sha l l  
be dropped onto the  exposed surface of the  package which i s  expected t o  be 
niost vulnerable t o  penetrat ion.  The long  axis  o f  the  ax is  of t h e  cyl inder  
must be perpendicular t o  t he  package surface.  

Testing and evaluat ions f o r  normal conditions of ons i t e  t r a n s f e r s  sha l l  
consider t he  e f f e c t s  of t r ans fe r r ing  a package a t  ambient temperatures between 
0 O F  and 115 O F .  

4.3 CONTAINMENT EVALUATION AND CONCLUSIONS 

. Evaluations t o  assure t h a t  the  packaging containment system i s  
acceptable f o r  s a fe  t r a n s f e r  of the  pump package was based on r e s u l t s  of 
Normal Transfer  Condition t e s t i n g  analyses ( P a r t  B, Section 6 . 4 ) ,  a 
radiological  r i s k  eva lua t ion . (Pa r t  B, Section 3 . 6 ) ,  dose consequence 
evaluation ( P a r t  B, Section 3 . 7 ) ,  and a gas generation study ( P a r t  B, 
Section 8.3) .  
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Results o f  the.s imulated f r e e  d r o p ,  v ib ra t ion ,  pene t ra t ion ,  and 
pressure t e s t s  i nd ica t ed . tha t  the  package will  n o t  l o se  i n t e g r i t y  o f  t he  
containment b a r r i e r  during normal t r a n s f e r  operat ions.  

Results o f  the  r i s k  evaluation ( a s  shown in Part  B; Section 3.6)  
indicated t h a t  a r e l ease  of the  package contents i s  extremely unl ike ly ,  and i f  
a r e l ease  was made, the  dose consequence ( a s  shown in Par t  B y  Section 3 .7 )  
would n o t  exceed acceptable Hanford S i t e  l i m i t s  f o r  an incredib le  accident 
assessment. 

Results o f  a g a s  generation study indicated t h a t  hydrogen gas build-up 
in a package would n o t  exceed 5% ( f o r  "worst .case"  waste material  attached t o  
a pump) within the  twenty year se rv ice  l i f e  of the  package. 
p o s s i b i l i t y  of hydrogen build-up in excess of 5%, the  package i s  f i t t e d  with 
art approved f i l t e r  when placed in to  s torage.  

To prevent t he  

Conclusions of t h i s  evaluation a re  t h a t  the  packaging containment 
system i s  considered acceptable t o  sa fe ly  contain rad ioac t ive  mater ia l s  f o r  
normal condi t ions of t r a n s f e r  i den t i f i ed  in t h i s  SEP. 
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5.0 SHIELDING EVALUATION 

5.1 INTRODUCTION 

Evaluations in t h i s  sect ion a re .  provided t o  assure t h a t  t he  packaging 
sh ie ld ing  system i s  adequate t o  provide s u f f i c i e n t  shielding of t he  package 
during designated normal conditions of t r a n s f e r .  Since the  package wil-1 be 
t r ans fe r r ed  t o  t h e  CWC f o r  s torage,  the  lowest acceptable dose r a t e  a t  the  
sur face  of t he  package f o r  e i t h e r  t r a n s f e r  or s torage o f  t he  package wil l  be 
considered the  con t ro l l i ng  dose r a t e  for evaluations in t h i s  SEP. 
ana lys i s  was completed t o  support evaluations in t h i s  SEP and i s  shown in 
Part B, Section 5 .4  

. 

A shielding 

5.2. SHIELDING REQUIREMENTS 

Shielding sha l l  l i m i t  the  dose r a t e  on the  surface of the  package t o  
200 mrem/h and 10 mrem/h a t  2 m from the  vehicle  f o r  t r a n s f e r  o f  the  package. 
For s torage  o f  mixed low-level waste, the dose r a t e  on the surface of the 
package sha l l  be l imi ted  t o  100 mrem/h (WHC 1993). Shielding material  shal l  
be added t o  the  package annulus or secured t o  the outs ide of the package as 
required t o  withstand normal conditions o f  t r ans fe r .  The dose r a t e  a t  the 

package. 
. vehicle  d r i v e r  loca t ion  sha l l  n o t  exceed 2 mrem/h d u r i n g  t r ans fe r  o f  the 

To assure  t h a t  the  lowest i den t i f i ed  shielding requirements of 
100 mrem/h can be met a t  the  surface of the package, the packaging design 
sha l l  include provisions t o  i n s t a l l  s u f f i c i e n t  shielding material  in the 
annulus of the  package and on the outs ide of the package t o  l i m i t  dose r a t e s  
t o  100 mrem/h or l e s s .  The design sha l l  a l so  include provisions f o r  remote 
i n s t a l l a t i o n  of t he  shielding mater ia l .  

5.3 SHIELDING EVALUATION AND CONCLUSIONS 

A sh ie ld ing  ana lys i s  ( P a r t  B, Section 5 . 4 )  was performed f o r  addi t ion 
of lead shot or s t ee l  shot in the 2 i n .  annulus space of the shipping 
container  t o  reduce dose r a t e s  t o  l e s s  than 100 mrem/h a t  the  surface of the 
package. The ana lys i s  was based on "worst case" waste material attached and 
contained in s ide  the  hydrogen mitigation mixer pump. 
and waste material  holdup of 68 gal lons was assumed ( P a r t  B, Section 2 . 0 ) .  
Considerations were made f o r  the  approximate locat ion of the  mixer pump w i t h  
respect  t o  the  ends of the package t o  assure t h a t  the dose r a t e  l i m i t s  were 
n o t  exceeded.for t he  t o t a l  length of the package. 

A.film thickness  of 3 mm 

Results o f  t he  shielding ana lys i s  indicated t h a t  the package containing 
the  101-SY HMMP must require  addi t ion o f  lead shot in to  the  2 i n .  annulus 
space f o r  t he  "worst case" waste for a minimum length of .800 cm on the  " h o t "  
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end o f ' t h e  package. 
2 i n .  th ick  and t h a t  the  pump will  be rinsed with a high pressure water spray 
(3000 psi a t  160 O F )  during removal from the tank, the  packaging design i s  
more t h a n  adequate t o  assure t h a t  the  dose r a t e s  on the  surface of the  package 
can be l imited t o  100 mrem/h. 

Considering t h a t  the annulus f o r  shielding addition i s  

Based on evaluation of the  high pressure spray operation f o r  
radioact ive waste removal and evaluation of the  package surface dose r a t e s  
taken prior t o  t r a n s p o r t ,  use of s t ee l  sho t  o r  no shielding may be considered 
f o r  s p e c i f i c  sec t ions  of t he  package. This will  s a t i s f y  a l l  requirements f o r  
t r a n s f e r  and s torage of the  package except f o r  dose l i m i t s  a t  the  d r ive r  
loca t ion .  Dose l i m i t s  a t  the  d r ive r  locat ion based on the  estimated locat ion 

. o f  t he  package on  the  transport vehicle t r a c t o r  require  evaluation and the  . 
actual dose r a t e s  sha l l  be l e s s  t h a n  2 mrem/h. This will  be ve r i f i ed  in the  
f i e l d  p r i o r  t o  t r a n s f e r  of the  package. 
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Westinghouse Internal 
Hanford Company Memo 

From: R a d i a t i o n  Phys ics and S h i e l d i n g  8D530-SRG-94-007 
Phone: 376-9892 HO-35 
Date: J u l y  22, 1994 
S u b j e c t :  ESTIMATED DOSE RATES OF THE SURFACE OF THE 101-SY M I X E R  PUMP 

S H I P P I N G  CONTAINER 

To: R. F.  C a r l s t r o m  62-02 

c c :  H. E. Adkins,  Jr .  62-03 
J. Greenborg HO-35 
A. E. Wa l ta r  HO-32 

S .  R. Crow 
J. P. Hauptman 
SRG F i l e / L B  

62-03 
S2-03 

References: 1) I n t e r n a l  Memorandum f r o m  E. R .  S e l l e  t o  'D. C .  He tze r ,  
"Cesium Inventory Remaining on Air lances Removed from 
Tank 101-SY,: December 16, 1992, 29250-ERS-92014. 

2)  B r i e s m e i s t e r ,  J .  F . ,  E d i t o r ,  MCNP -- A General Monte 
Carlo N-Particle Transport Code. Vers ion  4A, LA-12625, 
Los Alamos N a t i o n a l  Labora to ry ,  Los Alamos, New Mexico, 
1993: 

3 )  C a r t e r ,  L. L. and R.  A. Schwarz, Certification of MCNP 
Version 4A for WHC Computer Platforms, ECN 186710, 
January 4, 1994. 

T h i s  a n a l y s i s  p r o v i d e s  r a d i o l o g i c a l  dose r a t e  es t ima tes  f o r  a contaminated 
101-SY hydrogen m i t i g a t i o n  m i x i n g  pump (HMMP) i n  v a r i o u s  c o n f i g u r a t i * o n s  o f  a 
s h i e l d e d  s h i p p i n g  c o n t a i n e r .  Dose r a t e s  were a l s o  c a l c u l a t e d  a t  t h e  5 1  f o o t  
e l e v a t i o n ,  where i t  i s  a n t i c i p a t e d  t h e  pump would be c u t  a f t e r  p lacement i n  
t h e  s h i p p i n g  c o n t a i n e r .  

The s h i p p i n g  c o n t a i n e r  i s  model led a s ' t w o  c o n c e n t r i c  c y l i n d e r s  w i t h  an 
annulus r e g i o n  f i l l e d  w i t h  l e a d  o r  s t e e l  s h o t .  
s t e e l ,  t h e  o u t e r  was model led as e i t h e r  0.25" o r  0.5" s t e e l .  The annulus 
r e g i o n  between was e i t h e r  1 . 5 "  o r  2.0" and model led w i t h  s t e e l  sho t ,  l e a d  
shot  o r  air. .  
average d e n s i t y  o f  r e g i o n s  f i l l e d  w i t %  s h o t .  The bot tom o f  t h e  s h i p p i n g  
c o n t a i n e r  was mode l l ed  as t w o  s t e e l  p l a t e s  separated by a 0 .5"  a i r  gap. The 
i n n e r  p l a t e  was p l a c e d  21.25" below t h e  bot tom o f  t h e  pump. 

The i n n e r  c y l i n d e r  i s  0 .5"  

A pack ing  f a c t o r  o f  60% was assumed when c a l c u l a t i n g  t h e  

Hanford Operations and Engineering Contractor for the US Department of Energy 
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The HMMP was modelled as a combination of simple geometrical shapes 
representing the 6" pump discharge legs, 16" pump support column, riser seal 
discs and pump casting. 
wetted surface areas and are the basis for a source term of approximately 13 
gallons of slurry. Additionally, it was assumed that the 6" discharge legs 
and the impeller casing are completely filled with slurry. This represents 
a worst anticipated interior contamination of the mixer pump, and adds 68 
gallons of slurry to the source term. The actual MCNP model is shown in 
Figure 1; the yellow regions show the source regions. 
that 101-SY slurry has a density of 1.74 g/cc and a 137Cs specific activity 
o f  360 pCi/g. 

These structures comprise the majority of the 

Reference 1 indicates 

Results ofmthis analysis are given in the attached Tables. 
col umn internal s (i . e. condui t/pi pe/guide pl ates) , ri ser seal di scs, and 
other cpmponents above the wetted zone are not madelled, and that the 
calculated dose rates at the top end of the model are undoubtably high. 
Specifically, the dose rate on the top centerline of the support column is 
probably high by an order of magnitude. 

Note that pump 

S. R. Gedeon, Advanced Engineer 
Radiation Physics and Shielding 

Reviewed by: 
R. J .  Morford, Principal Scientist 
Radiation Physics and Shielding 

s am 

Attachments 

Concurrence: Date: 
. J .  Greenborg, Manager 

Radiation Physics and Shielding 
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el  ev 
above 
HMMP ' 

Dose Rate (mrem/hr) 

a i r  lead shot s t e e l  shot 
, 

bottom 
(cm> annulus thickness / outer cover thickness (inches 

1 I I I I 

12.55 

38.05 

338.05 

650. I 4044 I 2923 I 183 I 67 

1.5/.25 2./.5 1.5/ .25 2/.25 2/ .5 1.5/ .25 

2242 1685 116 44 35 90 1 

2951 2228 159 61 49 1194 . 

3745 2795 181 69 55 1448 

2.1.5 

487.6 

566. 

600. 

481 

~~ ~ ~~ 

6131 . 4489 280 104 83 2275 

6785 4937 295 107 84 2502 

6348 4637 298 109 87 2386 

640 

2" and 1.25"  
endpl a t e s  

2" and 2"  
endpl a tes  

756 

' Dose Rate 
mrem/ h r 

189 

79 

1175 

T O P  

center l  i ne 

10 cm o f f  
center l  ine 

1277 

1227 

754 

able 1. Maximum Radial Dose Rate a s . a  Function of  Distance from the Bottom 
o f  t he  Hydrogen Mitigation Mixing Pump. 

Dose Rate 
mrem/hr 

94 

10 

Bottom 

ig Container 
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Attachment 

MCNP Input Fi le  
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Gama Dose Rate Tank 101-SY Mixer Pump 1.5 inqh annulus shipping asby 
c no Pb, air in annulus 
c mat# mat.den ' surfaces 
1 2 -.0012 
2 2 -.0012 
3 3 -7.8 
4 1 -1.5 
10 2 -.0012 
1 1  1 -1.5 
12 3 -7.8 
13 1 -1.5 
20 2 -.0012 
21 2 -.0012 
22 3 -7.8 
23 1 -1.5 
30 2 -.0012 
31 1 -1.5 
32 3 -7.8 
33 1 -1.5 
41 2 -.0012 
42 2 -.0012 
43 3 -7.8 
44 1 -1.5 
51 2 -.0012 
52 1 -1.5 
53 3 -7.8 
54 1 -1.5 
61 2 -.0012 
62 2 -.0012 
63 3 -7.8 
64 1 -1.5 
71 2 -.0012 
72 1 -1.5 
73 3 -7.8 
74 1 -1.5 
90 2 -.0012 
91 3 -7.8 
92 1 . -1.5 
93 1 -1.5. 
110 3 -7.8 
1 1 1  1 -1.5 
112 1 -1.5 
120 3 -7.8 
121 1 -1.5 
122 1 -1.5 
130 3 -7.'8 
131 1 -1.5 
132. 1 -1.5 
140 3 -7.8 
141 1 -1.5 
142 1 -1.5 
150 3 -7.8 
151 1 -1.5 
152 1 -1.5 
160 3 -7.8 
161 1 -1.5 
162 1 -1.5 
170 3 -7.8 
171 1 -1.5 
172 1 -1.5 
180 3 -7.8 
181 1 -1.5 
182 1 -1.5 
210 3 -7.8 
211 1 -1.5 
212 1 -1.5 
220 3 -7.8 
221 1 -1.5 
222 1 -1.5 

- 1  -200 100 
-2 1 -200 100 
-3 2 -200 100 
-4 3 -200 100 
-10 -200 100 
- 1 1  10 -200 100 
-12 . 11. -200 100 
-13 12 -200 100' 
-20 -200 100 
-21 20 -200 100 
-22 21 -200 100 
-23 22 -200 100 
-30 -200 100 
-31 30 -200 100 
-32 31 -200 100 
-33 32 -200 100- 
-41 200 -420 
41 -42 200 -420 
42 -43 200 -420 
43 -44 200 -420 
-51 200 -420 
51 -52 200 -420 
52 -53 200 -420 
53 -54 200 -420 
-61 200 -420 
61 -62 200 -420 
62 -63.200 -420 
63 -64 200 -420 
-71 200 -420 
71 -72 200 -420 
72 -73 200 -420 
73 -74 200 -420 
-90 209 -4UO 
90 -91 200 -400 
91 -92 200 -400 . 
-90 200 -209 
-101 4 13 23 33 109 
-101 4 13 23 33 1 1 1  
-101 4 13 23 33 110 
-101 4 13 23 33 120 
-101 4 13 23 33 122 
-101 4 13 23 33 121 
-101 4 13 23 33 130 
-101 4 13 23 33 132 
-101 4 13 23 33 131 
-101 4 13 23 33 140 
-101 4 13 23 33 142 
-101 4 13 23 33 141 
-101 4 13 23 33 150 
-101 4 13 23 33 152 
-101 4 13 23 33 151 
-101 4 13 23 33 160 
-101 4 13 23 33 162 
-101 4 13 23 33 161 
-101 4 13 23 33 170 
-101 4 13 23 33 172 
-101 4 13 23 33 171 
-101 4 13 23 33 180 
-101 4 13 23 33 182 
-101 4 13 23 33 181 
-101 92 44 54 64 74 
-101 92 44 54 64 74 
-101 92 44 54 64 74 

$air inside 6" pipe 
Sno cont. inside pipe 
$6" steel pipe 
$ cont. outside of pipe 
$air inside 6" pipe 
Slmn cont. inside pipe 2 
$6" steel pipe 2 
Slmn cont. outside pipe 2 
$air inside pipe 3 
$no cont. inside pipe 3 
S611 steel pipe 3 
Slmn cont.'outsid pipe 3 
Sair inside pipe 4 
Slmn cont. outside pipe 4 
S6I1 steel pipe 4 
Slmn cpnt. outside pipe 4 
$air inside pipe l b  
Slmn cont. inside pipe l b  NOT . 
S6I1 steel pipe l b  
Scont. outside pipe lb 
$air inside pipe 2b 
Scont. inside pipe 2b 
Ssteel fipe 2b 
Scont. outside pipe 2b 
$air inside pipe 3b 
Scont inside pipe 3b NOT 
Ssteel pipe 3b 
Scont. outside pipe 3b 
$air inside pipe 4b 
Scont. inside pipe 4b 
Ssteel pipe 4b 
Scont. outside pipe 4b 
$air inside support column 
S1/8" steel support column 
Scont. on c o l m  
Svolute, impeller filled w/ waste 

-110 Sdisc 1 
-109 Slmn cont. under disc 1 
-112 Slmn cont. on top of disc 1 
-121 Sdisc 2 
-120 Scont. on bottom disc 2 
-123 Scont. on top disc 2 
-131 Sdisc 3 
-130 Scont. on bottom disc 3 
-133 Scont. on top disc 3 
-141 Sdisc 4 
-140 Scont. on bottom disc 4 
-143 Scont. on top disc 4 
-151 Sdisc 5 
-150 Scont. on bottom disc 5 
-153 Bcont. on top disc 5 
-161 Sdisc 6 
-160 Scont. on bottom disc 6 
-163 Scont. on top disc 6 
-171 Sdisc 7 
-170 Scont. on bottom disc 7 
-173 Scont. on top disc 7 
-181 Sdisc 8 
-180 Scont. on bottom disc 8 
-183 Scont. on top disc 8 
210 -211 Sdisc 9 
212 -210 Scont. on bot. of 9 
'11 -213 Scont. on top of 9 

-101 92 220 -221 Sdisc 10 
-101 92 222--220 Scont.on bot. of 10 
-101 92 221 -223 Scont. on top of 10 
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230 3 -7.8 -101 92 230 -231 Sdisc 1 1  
231 7 -1.5 -101 92 232 -230 Bcont. on bot of 1 1  
232 1 -1.5 -101 92 231 -233 Bcont. on top of 1 1  
240 3 -7.8 -101 92 240 -241 Sdisc 12 
241 1 -1.5 -101 92 242 -240 Scont. on bot of 12 
242 1 -1.5 -101 92 241 -243 Scont. on top 12 
300 2 -.0012 -101 4 13 23 33 100 - 1 1 1  Sair.space b/n datum & dscl 
301 2 -.0012 -101 4 13 23 33 112 -122 Sair space b/n disc 1&2' 
302 2 -.0012 -101 4 13 23 33 123 -132 S II II II 2&3 
304 2 -.0012 -101 4 13 23 33 133 -142 S 3&4 
306 2 -.0012 -101 4 13 23 33 143 -152 S II 11 4&5 

310 2 -.0012 -101 4 13 23 33 163 -172 S II 6&7 
308 2 -.0012 -101 4 13 23 33 153 -162 s 11 11 11 11 586 

312 2 -.0012 -101 4 13 23 33 in -182 s 11 18 11 11 7&a 
314 2 -.0012 -101 4 13 23 33 183 -200 S ( I  and top 
320 2 -.0012 -101 92 44 54 64 74 200 -212 Sair b/n sec 1 and dsc 9 
322 2 -.0012 -101 92 44 54 64 74 213 -420 Sair b/n dsc %top of pipes 
324 2 -.0012 -101 92 420 -222 Sair b/n top pipes & dsc 10 
326 2 -.0012 -101 92 223 -232 $air b/n dscl0 8 1 1  
328 2 -.0012 -101 92 233 -242 Sair b/n dscll & 12 
330 2 -.0012 -101 92 243 -400 Sair b/n dscl2 & top 
601 2 -0.0012 101 -93 100 -400 Sair b/n pump & shipping assembly 
602 3 .-7.8 93 -94 -100 -400 %hipping asby--structural steel 
603 2 -0.00122 94 -95 100 -400 SPb annulus 
604 3 -7.8 95 -96 100 -400 Ssteel cover on Pb annulus 
605 2 -0.0012 ( 97 : -455 : 440 ) -1000 S air outside shipping asby 
651 2 -0.0012 -96 -100 451 S air 
652 3 -7.8 - 96 -451 452 S inner end plate 
653 2 -0.0012 -96 -452 453 S half inch air gap btwn end plts 
654 3 -7.8 - 96 -453 454 S outer 2" end plate 
661 2 -0.0012 -90 400 -440 S air inside support column 
662 3 -7.8 + 90 -91 400 -440 B support column 
663 2 -0.0012 91 -93 400 -440 S air btwn sup col & ship asby 
664 3 -7.8 93 -94 400 -440 B inner ship container 
665 2 -0.0012 9-4 -95 400 -440 S annulus btwn inner & outer 
666 3 -7.8 95 -96 400 -440 S outer cover 
667 2 -0.0012 -97 (96 : -454) 455 -440 S 2 in airgap btwn asbly & dose plane 
1001 0 1000 Suniverse 

1 C/Z 0 -20.0 7.52 Slmn thick cont. inside 6" pipe 
2 C/Z 0 -20.0 7.62 Sinside pipe dia. 
3 C/Z o -20.0 8.414 Soutside pipe dia. 
4 C/Z o -20.0 8.514 Slmn thick cont. outside 6" pipe 
10 C/Z -20.0 0 7.52 S II 

1 1  C/Z -20.0 0 7.62 S II 

12 C/Z -20.0 o 8.414 . S 11 

13 C/Z -20.0 o 8.514 S II 

20 c/z 0 20.0 7.52 S I1  

21 c/z 0 20.0 7.62 s I1  

22 C/Z 0 20.0 8.414 S II 

23 C/Z o 20.0 8.514 S II 

30 c[z 20.0 0 7.52 S 11 

31 c/z 20.0 0 7.62 S I1  

32 C/Z 20.0 o 8.414 s I1 

33 C/Z 20.0 o 8.514 S I1  

100 pz 0 $bottom of mixer pump 
zoo PZ 480.0 . Stop of the bottom section 
101 cz 56.0 Sradius-of the seal discs 
109 pz 10.0 Sbottom of disc 1 
110 pz 15.1 Stop of disc 1 
1 1 1  pz 9.9 Scont. on bottom of disc 1 
112 pz 15.2 Scont. on top of disc 1 
120 pz 61.0 Sbottom of disc 2 
121 pz 66.1 Stop of disc 2 
122 pz 60.9 Bcont. on bottom of disc 2 
123 pz 66.2 Scont. on top of disc 2 
130 pz 122.0 $bottom of  disc 3 
131 pz 127.1 Stop of disc 3 

' 132 pz 121.9 Scont. on bottom of disc 3 
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133 pz 

141 pz 
142 pz 
143 pz 
150 pz 

140 pz 

151  
152 
153 
160 
161 
162 
163 
170 
171 
172 
173 

181 
182 

209 
210 
21 1 
212 
213 
220 
22 1 
222 
223 
230 
23 1 
232 
233 
240 
24 1 
242 
243 
400 
420 
440 
45 1 
452 
453 
454 
455 
41 
42 
43 
44 
5 1  
52 
53 
54 
61 
62 
63 
64 
71 
72 
73 
74 
90 
91 
92 
93 
94 
95 
96 

1 ao 

1 a3 

127.2 
, 183.0 

188.1 
182.9 
188.2 
244.0 
249.1 
243.9 
249.2 
305.0 
310.1 
304.9 
310.2 
366.0 
372.1 
365.9 
372.2 
457.5 
462.6 
457.4 
462.7 
495.2 
570.1 
575.2 
570.0 
575.3 
670.1 
675.2 
670.0 
675.3 
770.1 
775.2 
770.0 
775 - 3  
870.1 
.e75.2 
870.0 
875.3 

1016.0 
652.0 

1555.0 
-53.975 
-57.150 
- 58.420 
-63.500 

0 -43.0 7.52 
0 -43.0 7.62 
0 -43.0 8.414 
0 -43.0 8.514 
-43.0 0 7.52 
-43.0 0 7.62 
-43.0 0 8.414 
-43.0 0 8.514 
0 43.0 7.52 
0 43.0 7.62. 
0 43.0 8.414 
0 43.0 8.514 
43.0 0 7.52 
43.0 0 7.62 
43.0 0 8.414 
43.0 0 8.514 
20.0 

-68.580 

20.32 
20.42 
80.015 
81 -285 
85.095 
85.730 

Scont. on top of disc 3 
Sbottom of disc 4 
Stop of disc 4 
Scont. on bottom of disc 4 
Scont. on.top of disc 4 
Sbottom of disc 5 
Stop of disc 5 
Scont. on bottom of disc 5 
Scont. on top of disc 5 
Sbottom of disc 6 
Stop of disc 6 
Scont. on bottom of disc 6 
Scont. on top of disc 6 
Sbottom of disc 7 
Stop of disc 7 
Scont. on bottom of disc 7 
Scont. on top of disc 7 
Sbottom of disc 8 
stop of disc a 
Scont. on bottom of disc 8 
Bcont. on top of disc 8 
Stop of impel ler/volute region 
$bottom o f  disc 9 .  
Stop of disc 9 
Scont. on bottom of disc 9 
Scont. on top of disc 9 
Sbottom disc 10 
Stop o f  disc 10 
Scont. on bottom of disc 10 
Scont. on top of disc 10 
Sbottom of disc 11 
Stop of  disc 11 
Scont. on bottom o f  disc 11 
Scont. on top of disc 1 1  
Sbottom o f  disc 12 
Stop of  disc 1 2  
Scont. on bottom of disc 12 
Scont. on top of disc 12 
Stop of cont. portion of mixer pump (400 in) 
Stop of pump/pipes end 
S 51  ft above bottom of pump 
Sair gap betwn pump & inner end plate 
Souter side of inner end plate 
Shalf inch air gap btwn plates 
Souter side of outer end plate 
S tally surface 2" past end plate 
Slmn thick cont. inside pipe 
Sinside pipe dia. 
Soutside pip dia. 
Slmn cont. outside pipe 
Slmn cont. inside pipe 
Sinside pipe dia. 
Soutside pipe dia. 
Slmn cont. outside pipe 
S 11 

$ I1  

S 11 

S II 

S 11 

S II 
$ II II 

$ I 1  II 

S support column inner wall 
S support column outer wall 
S lmn cont. on surface of column 
S inner radius shipping asby struct 
S outer radius 
S inner radius annulus cover 
S outer radius annulus cover 

I 1  

II 

II 

II II 
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6 97 cz 90.810 
1000 so 4000 

mode p 
phys:p 10 1 0 
i dum 
C 
C 
imp:p 
C 

C 

C 

C 

C 

C 

C 

C '  

6 
C 

C 

C 

sdef 

C 
C 
sc 1 
# 

WHC-SD-TP-SEP-026 Rev. 0 

$ tally surface--2" out from annulus cover 
$atmosphere 

1 0 0  0 0  
cell numbers 
1 2 3 4 10 1 1  12 13 20 21 22 23 
1 2m 2m 2m 1 2m 2m 2m 1 2m 2m 2m 
30 31 32 33 41 42 43 44 51 52 
1 2m 2m 2m 1 2m 2m 2m 1 2m 
53 54 61 62 63 64 71 72 73 74 
2m 2m 1 2m 2m 2m 1 2m 2m 2m 
90 91 92 93 
1 2m 2m lm 
110 1 1 1  112 120 121 122 
lm 2m lm .5m 2m lm 
130 131 132 140 141 142 150 151 152 
.5m 2m lm .5m 2m lm .5m 2m lm 
160 161 162 170 171 172 180 181 182 
.5m 2m lm .5m 2m lm .5m 2m lm 
210 211 212 220 221 222 230 231 232 
.5m 2m lm .5m 2m lm .5m 2m lm 
240 241 242 
.5m 2m lm 

2m lm lm lm lm lm lm lm lm 
320 322 324 326 328 330 601 602 603 
lm lm lm lm lm lm 2m lm lm 
604 605 651-667 1001 
lm lm llr 0 

sur=O erg=.662. wgt=5.897e+12 cel=dl rad fcel=d2 pos fcel=d3 
ext fcel=d4 axs=0 0 1 
wgt = (360 uCi/g)(1.74 g/cc)(3.7E+4 dps/uCi)(.946X.9)(4.80E+4 cc) 

+ (360 ) ( 1.74 ) (3.7e+4 )(.946x.9)(2.508e+4 ) 
source cells 

300 301 302 .304 . 306 308 310 312 314 

si 1 
1 
4 
10 
1 1  
13 
23 
30 
31 
33 
44 
51 
52 
54 
64 
71 
72 

1 1 1  
112 

132 
141 
142 
151 
152 
161 
162 
171 

SPl 
d 
2.553e+3 
8.528-4 
2.283e+3 
2.553-3 
2.553-3 
8.528e+4 
2.283e+3 
2.553-3 
9.147e+2 
3.056-4 
8.181e+2 
9.147e+2 
9.147e2 
3.056-4 
8.181 e+2 
9.147-2 
6.832-3 
1.915e+4 
9.852-2 
9.852e+2 
9.852~2 
9.852-2 
9.852e+2 
9.852e+2 
9.852-2 
9.852e+2 
9.852-2 
9.852-2 
9.852-2 
9.852-2 
9.852e+2 
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172 9.852-2 
181 9.852-2 
182 9.852-2 
21 1 9.852ec2 
212 9.852-2 
221 ‘9.852-2 
222 9.852-2 
23 1 9.852-2 
232 9.852-2 
24 1 9.852-2 
242 9.852-2 

C sample radius 
ds2 s 102 142 103 104 106 1 

115 116 117 146 118 1 

si 102 
si 142 
si103 
si 104 
si106 
si143 
si107 
si108 
sill0 
si 144 
sill1 
si112 
si 114 
si145 . 
si 115 
si116 
si117 
si 146 
si118 
si 119 
si 120 
si121 
si122 
si123 
si124 
si125 
si126 
si127 
si 128 
si129 
si130 
si131 
si132 
si 133 
s i  134 
si 135 
s i  136 
si 137 
si 138 
si 139 
si140 
s i  141 
sc3 
ds3 

3 107 108 
9 120 121 

7.52 7-62 
8.414 8.514 
8.414 8.514 
0. 7.52 
7.52 7.62 
8.414 8.514 
8.414 8.514 
0 7.52 

8.414 8.514 
8.414 8.514 
0 7.52 
7.52 7.62 
8.414 8.514 
20.32 20.62 
0 20.0 
0 56.0 
0 56.0 
0 56.G 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
0 56.0 
sample position 
l 
0 -20.0 0 
-20.0 .o. 0. 
-20.0 0 0 
-20.0 0 0 
0 20.0 0 
20.0 0 0 
20.0 0 0 
20.0 0 0 
0 -43.0 0 
-43.0 0 0 

7.52 7.62 . 

10 144 
22 123 

1 1  .112 
24 125 

4 145 
6 127 128 

129 130 131 132 133 134 135 136 137 138 139 140 141 
8.414 8.514 
0 7.52 
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C 
ds4 
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-43.0 0 0 
-43,O 0 0 
0 43.0 0 
43.0 
43.0 
43.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 " 0  
0 ' 0  
0 0  

si202 
s i  242 
s i 203 
s i 204 
s i  206 
s i  243 
s i 207 
s i  208 
si210 
s i  244 
si211 
si212 
si214 
s i  245 
si215 
si216 
si217 
s i  246 
si218 
si219 
s i  220 
si221 
s i  222 
si223 
s i  224 
s i 225 
s i  226 
s i 227 
s i  228 
s i 229 
s i  230 

a si231 
si232 

sample e x t e n t  
s 202 242 203 204 206 243 207 208 210 244 211 212 214 245 

215 216 217 246 218 219 220 221 222 223 224 225 226 227 
. 228 229 230 231 232 233 234 235 236 237 238 239 240 241 

0 480 
0 480 
0 480 
0 480 
0 480 
0 480 
0 480 
0 480 
480 652 

.480 652 
480 652 
480 652 

480 652 

480 652 
480 1016 
480 495.2 
9.9 10.0 
15.1 15.2 
60.9 61.0 
66.1 66.2 

480 652 

480 652 

121.9 122.0 
127.1 127.2 
182.9 183.0 
188.1 188.2 
243.9 244.0 
249.1 249.2 
304.9 305.0 
310.1 310.2 
365.9 366.0 
372.1 372.2 
457.4 457.5 
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s i  233 
s i  234 
s i  235 
s i  236 
si237 
si238 
si239 
si240 
si241 
m l  

rn2 

m3 
m4 

m5 
C 

f5:p 
f c5 
fm5 

f15:p 
fc15 

f25:p 
f c25 

f35:p 
f c35 

f45:p 
f c45 

f55:p 

C 

C 

C 

C 

C 

f c55 

f65:p 
f c65 

C 

C 
f75:p 
f c75 
C 
f85:p 
f c85 
C 

f95:p 
f c95 
C 

462.6 462.7 
570.0 570.1 
575.2 575.3 
670.0 670.1 
675.2 675.3 
770.0 770.1 
775.2 775.3 
870.0 870.1 
875.2 875.3 

1001.50 .4372 
.6000.50 .0170 
7014.50 .0579 
8016.50 -3725 

11023.50 .0975 
13027.50 -0113 
15031.50 -0011 
17000.50 .0029 
19000.50 -0026 
8016.50 .21 
7014.50 -79 

26000.55 1.0 
8016.50 -.4407 

14000.50 -.2157 
20000.50 -.1306 
26000.55 -.0788 
13027.50 -.0607 
12000.50 -.0376 
19000.50 -.0066 
11023.50 -.0182 
22000.50 -.0049 

1001.50 -.0031 
25055.50 -.0013 
15031.50 -.0009 
16032.50 .-.0009 
82000.50 1.0 

0.0 62 550 +5 
contact on pump 
4 7  
I .a 

SH 101 SY S l u r r y  
Sc . SN 

SO 
SNa 
SA 1 
SP 
SC l 
SK 
SO a i r  number f r a c t i o n  
BN 
SFe i r o n  
SO concrete weight f r a c t i o n  
SS i 
SCa 
SFe 
SA l 
SMg 
SK 
BN a 
ST i 
SH 
BMn 
SP 
SS 
SPb sh ie ld ing  

Sincrease t a l l y  by 30% f o r  unmodeled surfaces 

0.0 90.811 12.55 +5 

90.811 0.0 12.55 +5 

0.0 90.811 38.05 i 5  

90.811 0.0 38.05 +5 

0.0 90.811 338.05 +5 

90.811 0.0 338.05 +5 

0.0 90.811 487.6 +5 

90.811 0.0 487.6 +5 

0,O 90.811 566.0 +5 

cover contact y axis, z=12.55 cm 

cover contact  x axis, z=12.55 cm 

cover contact y axis, z=38.05 cm 

cover contact  x axis, z=38.05 cm 

cover contact y axis, z=338.05 cm 

cover contact  x axis, z=338.05 cm 

cover contact y axis, z=487.6 cm 

cover contact x axis, z=487.6 cm 

cover contact  y axis, z=566.0 cm 

f105:p 90.811 0.0 566.0 +5 
fclO5 cover contact x axis, z=566.0 cm 
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C 
f115:p 
fc115 

f125:p 
fc125 

f135:p 
fc135 

f145:p 
fc145 

fc155 

f165:p 
fc165 

f175:p 
fc175 

f185:p 
fc185 

f195:p 
fc195 

f205:p 
f c205 

f215:p 
fc215 

f225:p 
fc225 

f235:p 
f c235 

f245:p 
f c245 
c -  
f255:p 
'fc255 

f265:p 
f c265 

f275:p 
f c275 

f285:p 
f c285 

f295:p 
f c295 

f305:p 
f c305 

f315:p 
fc315 

f325:p 
fc325 

f335:v 

C 

C 

C 

C - f155:p 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

0.0 0.0 1555.0 +5 
top of assembly, center 

45. 0.0 1555.0 +5 
top of assembly, off-center x-axis 

center of bottom plates, 2 in out 
0.0 0.0 -68.579 +5 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
cover contact 

0.0 90.811 
cover contact 

90.811 0.0 
fc335' cover contact 

600.0 +5 
y axis, z=12.55 cm 

600.0 +5 
x axis, z=12.55 cm 

650.0 +5 
y axis, z=38.05 cm 

650.0 +5 
x axis, z=38.05 cm 

700.00 +5 
y axis, z=338.05 cm 

700.00 +5 
x axis, z=338.05 cm 

750.0 +5 
y axis, z=487.6 cm 

750.0 +5 
x axis, z=487.6 cm 

800.0 +5 
y axis, z=566.0 cm 

800.0 +5 
x axis, z=800.0 cm 

850.0 +5 
y axis, z=850.0 cm 

850.0. +5 
x axis, z=850.0 cm 

900.0 +5 
y axis, z=900.0 cm 

900.0 +5 
x axis, z=900.0 cm 

950.00 +5 
y axis, z=950.00 cm 

950.00 +5 
x axis, z=950.00 cm 

1000.. +5 
y axis, z=lOOO. cm 

1000. +5 
x axis, z=lOOO. cm 

1050. +5 
y axis, z=1050.. cm 

1050. +5 
x axis, z=1050. cm 
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C 
f345:p 
f c345 

f355:p 
fc355 

f365:p 
f c365 

C 

C 

C 
f375:p 
f c375 

f385:p 
f c385 

C 

C 
f395:p 
f c395 
C 

f405:p 
f c405 

f415:p 
fc415 

f425:p. 
f c425 

C 

C 

C 

f435:p 
f c435 

fL45 :p 

f455:p 

C 

f c445 
C 

t cL55 
C 
C 

ctme 
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0.0 90.811 1100. +5 
cover contact  y axis,  z=1100. cm 

90.811 0.0 1100. +5 
cover contac t  x axis,  z=1100. cm 

0.0 90.811 1350. +5 
cover contact  y axis,  z=1350. cm 

90.811 0.0 1350. +5 
cover contact  x axis,  z=1350. cm 

0.0 90.811 1400. +5 
cover contact  y axis,  z=1400. cm 

90.811 0.0 1400. +5 
cover contact  x axis,  z:1400. cm 

0.0 90.811 1450. +5 
cover contact  y axis,  z=1450. cm 

90.811 0.0 1450. +5 
cover contact  x axis,  ~ 1 4 5 0 .  cm 

0.0 90.811 1500. +5 
cover contact  y axis,  z=1500. cm 

90.811 0.0 1500. +5 
cover contact  x axis,  z=1500. cm 

0.0 90.811 1550. +5 
cover contact  y axis,  z=1550. cm 

90.811 C.0 1550. +5 
cover contact  x ax is ,  z=1550. cm 

360. $time l i m i t  

Rev. 0 
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW 

DOCUMENT REVIEWED- ESTIMATED DOSE RATES OF THE SURFACE OF THE 101-SY 
MIXER PUMP SHIPPING CONTAINER 

AUTHOR(s)-S.R. Gedeon 

I. Method(s) of Review 

( yI' Input data checked for accuracy 
( L.r Independent calculation performed 

( ) Comparison to experiment or previous results 
( ) Alternate method (define) 

( 9 Hand calculation 
( ) Alternate computer code: 

11. Checklist (either check or enter NA if not applied) 

9 Task completely defined 
Activity consistent with task specification 

9 Necessary assumptions explicitly stated and supported 
3/ Resources properly identified and referenced 
yf' Resource documentation appropriate for this application 

Input data explicitly stated 
Input data verified to be consistent with original source 

9 Geometric model adequate representation of actual geometry 
9 Materi a1 properties appropriate and reasonable 
d& Mathematical derivations checked including dimensional consistency 
dh) Hand calculations checked for errors 

Computer software appropriate for task and,used within range of 

Use of resource outside range of established validity is justified 

ssumptions explicitly stated and justified 

validity 
P 

' 

(flh 
( y( Software output consistent with input 
( <Results consistent with applicable previous experimental or 

analytical findings 
( <Results and conclusions address all points and are consistent with 

task requirements and/or established limits or criteria 
( Conclusions consistent with analytical results and established 

1 imi ts $4 Uncertainty assesment appropriate and reasonable 
( ) Other (define) 

. ( Software runstreams correct and consistent with results 

I I I. Comments : 

- IV. REVIEWER: DATE: 7 L 70 74 
I 
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6.0 STRUCTURAL EVALUATION 

6.1 INTRODUCTION 

.Evaluations in t h i s  sect ion a re  provided t o  .assure t h a t  t he  packaging 
s t ruc tu ra l  system i s  adequate t o  withstand designated normal condi t ions of 
t r a n s f e r  and o ther  spec i f ied  s t ruc tu ra l  requirements o f  t he  packaging. The 
s t ruc tu ra l  evaluation i s  based on requirements provided in the  following 
sect ions. ,  

6.2 STRUCTURAL REQUIREMENTS 

6.2.1 Packaging Materials 

Packaging construct ion mater ia ls  sha l l  be based on t he  following 
requirements f o r  the  t r a n s f e r  and s torage of the  package: 

1. 

2 .  

3 .  

Packaging construct ion mater ia ls  sha l l  be se lec ted  t o  assure  t h a t  
t he re  wil l  be no s ign i f i can t  chemical, galvanic ,  or o ther  react ion 
among the. packaging components o r  between the  package components 
and the  package contents ,  including possible react ion r e su l t i ng  
from inleakage of water t o  the maximum cred ib le  extent  d u r i n g  the 

.20 year  spec i f ied  l i f e t ime  of the  packaging. 

Material s t ruc tu ra l  propert ies  sha l l  conform t o  packaging 
s t ruc tu ra l  design analysis  provided in th ' is '  SEP. 

Packaging containment mater ia ls  with thickness between 0 . 4  i n .  and 
4.0 i n .  sha l l  meet packaging category I11 f r a c t u r e  toughness 
requirements shown in Table 6 o f  NUREG/CR-1815. 
Service Temperature (LST) f o r  design purposes sha l l  be 0 O F .  

The Lowest 

6.2.2 Packaging Dimensions 

The waste shipping container sha l l  be s ized t o  t r a n s f e r  and contain f o r  
- storage the  "package contents"  described in Part  A ,  Section 2.0 o f  t he  SEP. 

Spec i f i ca l ly ,  t h e  des gnated hydrogen mitigation mixer pump placed in a 
f l e x i b l e  bag assembly Clearance dimensions required f o r  t he  packaging 
enclosure cavi ty  shal 
bag assembly. 

6.2.3 T i  edown System 

consider adequate clearance f o r  i n s t a l  1 ing the  f l  exi bl e 

. Tiedown devices t h a t  a re  attached t o  the shipping container  sha l l  .be 
capable of holding the  package on the  t ranspor t  t r a i l e r  during sudden stops 
and cornering speeds o f  15 mph without exceeding the  y i e ld  s t rength  o f  t he  
tiedown device or i t s  connection point t o  t he  package. In addi t ion ,  tiedown 
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dev i ces  t h a t  a r e  a s t r u c t u r a l  p a r t  o f  t h e  package must be capab le  o f  
w i t h s t a n d i n g ,  w i t h o u t  g e n e r a t i n g  s t r e s s  i n  any m a t e r i a l  o f  t h e  package i n  
excess o f  i t s  y i e l d  s t r e n g t h ,  a s t a t i c  f o r c e  a p p l i e d  t o  t h e  c e n t e r  o f  g r a v i t y  
o f  t h e  package h a v i n g  a v e r t i c a l  component o f  two t imes  t h e  w e i g h t  o f  t h e  
package w i t h  i t s  c o n t e n t s ,  a h o r i z o n t a l  component a long  t h e  d i r e c t i o n  i n  which 
t h e  v e h i c l e  t r a v e l s  o f  10 t imes  t h e  we igh t  o f  t h e  package w i t h  i t s  con ten ts ,  

.and a h o r i z o n t a l  component i n  t h e  t r a n s v e r s e  d i r e c t i o n  o f  f i v e  t i m e s  t h e  
we igh t  o f  t h e  package w i t h  i t s  con ten ts .  Any o t h e r  s t r u c t u r a l  p a r t  o f  t h e  . 
package which c o u l d  be used t o  t i e  down t h e  package s h a l l  be rendered  
i n o p e r a b l e  f o r  t y i n g  down t h e  package d u r i n g  t r a n s p o r t ,  o r  s h a l l  be des igned 
w i t h  s t r e n g t h  e q u i v a l e n t  t o  t h a t  r e q u i r e d  f o r  t iedown dev ices .  Each t i edown 
d e v i c e  which i s  a s t r u c t u r a l  p a r t  o f  a package must be des igned so t h a t  
f a i l u r e  o f  t h e  d e v i c e  under excess i ve  l o a d  would not  i m p a i r  t h e  a b i l i t y  o f  t h e  
package t o  meet o t h e r  requi rements o f  t h i s  s e c t i o n .  

The t i edown system used t o  secure t h e  package t o  t h e  t r a n s p o r t  v e h i c l e  
s h a l l  he des igned and e v a l u a t e d  t o  assure t h a t  t h e  t i edown assembl ies used t o  
secure t h e  package a g a i n s t  movement i n  any d i r e c t i o n  have t h e  aggregate s t a t i c  
b r e a k i n g  s t r e n g t h  o f  a t  l e a s t  1% t imes  t h e  we igh t  o f  t h e  package. Design and 
a n a l y s i s  o f  t h e  t iedown system s h a l l  be p r o v i d e d  as p a r t  o f  t h e  packaging 
des ign  p r o j e c t  and w i l l  be i n c l u d e d  as p a r t  o f  t h e  SEP documentat ion.  

6.2.4 L i  f t i  ng Devi ces 

Attachments s h a l l  be p r o v i d e d  on t h e  s h i p p i n g  c o n t a i n e r  as r e q u i r e d  t o  
s a f e l y  l i f t  t h e  waste package and secure t h e  package d u r i n g  t r a n s f e r .  
l i f t i n g  at tachment  t h a t  i s  a s t r u c t u r a l  p a r t  o f  t h e  package s h a l l  be des igned 
w i t h  one o f  t h e  f o l l o w i n g :  

Any 

A minimum s a f e t y  f a c t o r  o f  t h r e e  a g a i n s t  y i e l d i n g .  

A s a f e t y  f a c t o r  o f  f i v e  based on t h e  u l t i m a t e  s t r e n g t h  o f  t h e  
m a t e r i  a1 . 

When t h e  l i f t i n g  at tachment i s  used as in tended,  i t  must be des igned so 
t h a t  a l i f t i n g  d e v i c e  f a i l u r e  caused by an excess i ve  l o a d  would n o t  i m p a i r  t h e  
package f rom mee t ing  o t h e r  c r i t e r i a .  
approved f o r  l i f t i n g  t h e  package must be capable o f  b e i n g  rendered  i n o p e r a b l e  
f o r  l i f t i n g  t h e  package d u r i n g  t r a n s f e r  o r  must be des igned w i t h  s t r e n g t h  
e q u i v a l e n t  t o  t h a t  r.equired f o r  t h e  approved l i f t i n g  at tachments.  

Any s t r u c t u r a l  p a r t  o f  t h e  package n o t  

6.2.5 Closure Design 

The package s h a l l  have p o s i t i v e  c l o s u r e  dev i ces  t h a t  cannot  be opened 
u n i n t e n t i o n a l l y  and s h a l l  keep t h e  c l o s u r e s  on. The c l o s u r e  s h a l l  a l s o  meet 
t h e  requ i remen ts  f o r  t h e  p r i m a r y  containment b a r r i e r  o f  t h e  package f o r  
t r a n s f e r  and s t o r a g e  o f  t h e  waste. The c l o s u r e  system, i f  r e q u i r e d ,  s h a l l  
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provide  f o r  remote closure with guides allowing remote l i d  posi t ioning.  
penetrat ions on t he  package t h a t  will  n o t  be used sha l l  be provided with 
acceptabl e c losure  devices.  

6.2.6 Normal Transfer Conditions : 

Any 

Speci f ic  requirements for normal condi t ions of t r a n s f e r  and t e s t i n g  of 
The d r o p  t e s t  f o r  s t ruc tu ra l  the  packaging a re  shown in  Part  B ,  Section 4 . 2 .  

evaluat ions sha l l  cons i s t  of a simulated 1 f t  d r o p  of a unshielded HMMP 
Package, a 1 f t  d r o p  with p a r t i a l  shielding t o  column l i n e  14 ,  and a 1 f t , d r o p  
of a f u l l y  shielded HMMP Package from a horizontal posi t ion o n t o  a 1 2  in .  
th ick  reinforced concrete s l ab  w i t h  #9 rebar  a t  1 2  i n .  spacings f o r  
reinforcement. I n  addi t ion,  the  penetrat ion,  v ibra t ion ,  and pressure t e s t i n g  
described in Par t  B, Section 4 .2  will  a l s o  be evaluated in the  s t ruc tu ra l  
sect ion of this SEP. 

6.3 STRUCTURAL EVALUATION AND CONCLUSIONS 

6.3.1 Packaging Materi a1 s 

The shipping container  i s  designed f o r  a 20 year l i f e t i m e  i n  t he  
environment of the CWC mjxed waste storage f a c i l i t y .  S igni f icant  galvanic 
react ion wil l  n o t  be present s ince a l l  containment mater ia ls  a r e  s imi l a r .  
Internal  corrosion due t o  possible leakage of the contents . i s  n o t  considered 
c r i t i c a l  s ince .the s torage t a n k  waste material i s  normally 10 pH o r  higher.  
The s t ruc tu ra l  mater ia l s  a r e  carbon s t ee l  and a l l  exposed surfaces  a re  painted 
t o  prevent external  corrosion during the spec i f ied  package l i f e t i m e .  The 
s t ruc tu ra l  s t rength  of t he  packaging mater ia ls  required t o  s a fe ly  contain and 
l i f t  the  package has been analyzed in the  s t ruc tu ra l  ana lys i s  shown in P a r t  B, 
Section 6 .4 .  Results of the  analysis  indicated t h a t  the  packaging material  i s  
s t r u c t u r a l l y  s a f e . f o r  containing and l i f t i n g  the  maximum contents o f  
138,800 l b  f o r  t he  shipping container .  

Eva1 uation of packaging containment mater ia ls  t o  meet t h e  required 
b r i t t l e  f r a c t u r e  c r i t e r i a  was based on -an analysis  of 2 i n .  t h i c k ,  normalized 
( f i n e  grain p rac t i ce )  American Society f o r  Testing and Materials (ASTM) A516 
s t ee l  in accordance with spec i f i ca t ions  and c r i t e r i a  presented in.NUREG 1815, 
Recommendations for Protecting Against Failure by Brittle Fracture in Ferritic 
Steel Shipping containers Up to Four Inches Thick (Holman and Langland 1981). 
An evaluation of t he  b r i t t l e  f r a c t u r e  guidel ines  in N U R E G  1815 (Holman and 
Langl and 1981) f o r  'ons i te  t r a n s f e r s  of radioact ive mater ia l s  under the  
conditions of t h i s  SEP was conducted. 
Langl and 1981), t he re  a re  no requirements f o r  f e r r i t i c  s t e e l s  o f  y i e ld  
s t rengths  g r e a t e r  than 100 ksi when the  material thickness i s  l e s s  than 
0 .4  i n .  When material  thicknesses a re  g rea t e r  than 0 . 4  i n . ,  s t e e l s  t h a t  a re  
made t o  normalized ( f i n e  grain p rac t i ce )  o r  b e t t e r ,  no  f r a c t u r e  toughness 
t e s t i n g  i s  required.  .The evaluation ind ica tes  t h a t  the  spec i f ied  ASTM A516 
f i n e  gra in  material  for the  shipping container  i s  considered acceptable t o  

I n  Table 6 of N U R E G  1815 (Holman and 

. 
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meet des igna ted  b r i t t l e  f r a c t u r e  c r i t e r i a  w i t h o u t  r e q u i r i n g  s p e c i f i c  f r a c t u r e  
toughness t e s t i n g  and N i l  D u c t i l i t y  T e s t i n g  (NDT) by t h e  manu fac tu re r  o f  t h e  
m a t e r i a l .  

6.3.2 Packaging Dimensi ons 

The packaging i n t e r n a l  c a v i t y  dimensions a r e  63 i n . ' i n  d iamete r  and 
52 f t i n  l e n g t h .  The i n t e r n a l  cav i . ty  i s  cons ide red  s u f f i c i e n t  t o  c o n t a i n  t h e  
HMMP. 

6.3.3 T i  edown System 

A t i edown a n a l y s i s  f o r  dev i ces  a t t a c h e d  t o  t h e  package i s  shown i n  
P a r t  B; S e c t i o n  6.5 and i n d i c a t e s  t h a t  t h e  s t r e n g t h  o f  t h e  at tachments meet 
t h e  i d e n t i f i e d  t i edown requi remqnts and a r e  cons ide red  s a f e  f o r  t h e  i n t e n d e d  
use. 

A ske tch  o f  t h e  proposed t iedown system t h a t  w i l l  be used t o  secure t h e  
package t o  t h e  v e h i c l e  i s  shown i n  P a r t  B, S e c t i o n  6.5.  The system i s  based 
on u s i n g  t h e  t i l t / t r a i l e r  assembly w i t h  t h e  i n t e r f a c i n g  s t rongback  t o  
t r a n s p o r t  t h e  package c o n t a i n i n g  t h e  pump. A n a l y s i s  o f  t h e  t i edown system 
i n d i c a t e s  t h a t  t h e  proposed system i s  cons ide red  s a f e  t o  secure t h e  s h i e l d e d  
or u n s h i e l d e d  HMMP Package on t h e  t r a n s p o r t  v e h i c l e  d u r i n g  normal t r a n s f e r  
o p e r a t i o n s .  The t iedown system i s  based on .12 t iedown p o i n t s  on t h e  HMMP 
Package w i t h  16 c a b l e  l e g s .  The b r e a k i n g  s t r e n g t h  o f  t iedown c a b l e s  w i l l  be 
equal t o  o r  exceed 15,430 1 b. 

6.3.4 L i f t i n g  Devices 

E v a l u a t i o n  o f  t h e  l i f t i n g  at tachment a n a l y s i s  p r o v i d e d  i n  P a r t  B, 
S e c t i o n  6.5 i n d i c a t e s  t h a t  t h e  s t r e n g t h  o f  t h e  at tachments meet t h e  above 
des ign  requ i remen ts  and a r e  cons ide red  s a f e  f o r  t h e  i n t e n d e d  usage. 
p a r t s  o f  t h e  package n o t  a p p r o v e d ' f o r  l i f t i n g  a r e  not  r e a d i l y  a c c e s s i b l e  and 
do n o t  have any means t o  i n a d v e r t e n t l y  connect h o i s t i n g  equipment. 

Other  

6.3.5 Closure Design 

The c l o s u r e  dev i ces  (end p l a t e s )  were analyzed i n  t h e  d r o p  t e s t s  shown 
i n  P a r t  B, S e c t i o n  6.4 f o r  normal c o n d i t i o n s  o f  t r a n s f e r  and were shown t o  
m a i n t a i n  t h e  i n t e g r i t y  o f  t h e  sea l  a f t e r  d r o p p i n g . t h e  package o n t o  a 12 i n .  
t h i c k  r e i n f o r c e d  c o n c r e t e  s u r f a c e  w i t h  #9 r e b a r  .fur re in fo rcemen t . .  T h i s  t e s t  
i s  cons ide red  s u f f i c i e n t  t o  assure t h a t  t h e  package c l o s u r e s  w i l l  n o t  l e a k  f o r  
a r o l l o v e r  o n t o  s o f t  s o i l .  Remote o p e r a t i o n  t o  i n s t a l l  o r  remove c l o s u r e s  i s  
n o t  r e q u i r e d  f o r  a c o n t a c t  handled package s h i e l d e d  t o  100 mrem/h. C losu res  
a r e  p r o v i d e d  t o  sea l  t h e  ven t  opening d u r i n g  t r a n s f e r  o f  t h e  package. These 
c l o s u r e s  p r o v i d e  p o s i t i v e  s e a l i n g  and a r e  cons ide red  s a f e  f o r  conta inment  o f  
t h e  package d u r i n g  t r a n s f e r  and w i l l  be removed d u r i n g  s t o r a g e  o f  t h e  package 
f o r  i n s t a l l a t i o n  o f  an approved h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r .  
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6.3.6 Normal Transfer Conditions 
I 

Results of analyses f o r  simulated drop  t e s t s  o f  the  HMMP Package a re  

I f  y i e ld  s t r e s s e s  a re  

shown in Part  8 ,  Section 6 . 4 .  The analysis  was based on the  determination i f  
c r i t i c a l  s t r u c t u r a l  components of the  package wil l  exceed y i e l d  s t r e s s e s  
during impact of the  package from a horizontal  d r o p .  
n o t  exceeded, t he  packaging containment body and end closures  wi l l  be 
considered t o  have maintained t h e i r  i n t e g r i t y  following t h e  drop t e s t .  
Results of t he  t e s t  analysis  indicated t h a t  the  y i e ld  s t r e s s e s  were n o t  
exceeded and t h a t  the  package successful ly  passed the  d r o p  t e s t s .  

Evaluation o f  assumed vibrat ion movements o f  the  package during 
t r a n s f e r  were analyzed and a re  shown in Pa r t  B, Section 6 .4 .  Results of t h i s  
study indicated t h a t  with the  package properly secured t o  t he  t r a n s p o r t  
vehicle ,  and w i t h  spec i f ied  administration controls  being applied per t h i s  
SEP,  v ibra t ion  i s  n o t  a considerat ion.  

The packaging was evaluated t o  determine i f  unacceptable damage would 
r e s u l t  from dropping an object  on the  surface of the  packaging per 
requirements described in Part B ,  Section 4 . 2 .  
penetrat ion t e s t  a re  shown in P a r t  B ,  Section 6 .4  and indicated t h a t  the 
packaging containment b a r r i e r  would n o t  be damaged following the  simulated 
t e s t .  

Results of a simulated 

C r i t e r i a  ( P a r t  B, Section 4 . 2 )  f o r  normal t r a n s f e r  condition t e s t s  
require  t h a t  the  package be evaluated t o  determine .if i t  will  s a fe ly  withstand 
s p e c i f i c  in te rna l  and external pressures during normal t r anspor t  o f  the  
package. Results o f ’ t h e  pressure t e s t s  a r e  shown in Part  B ,  Section 6 . 4  and 
ind ica te  t h a t  t he  package wil l  sa fe ly  withstand the  spec i f ied  pressure t e s t s  
without damage t o  the  containment b a r r i e r .  
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6.4.1 Weight and Center of Gravity Determination 
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ENGINEERING ANALYSIS 

1. 

11. 

111. 

Drawing H-2-83734 Doc. No. 101-SY-GITCG-01 P a g e l  of 2 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Weiqht and Center of Gravity De,termination 
Originator S. S .  Shiraq Date 07/29/94 
Checker S .  R. Crow Date 08/25/94 

0b.i ect i ves : 

The objective of this is to determine the weight and center of gravity of  the 
Hydrogen Mitigation Mixer Pump Package. 

References: 

1. Industrial Press, Machinery's Handbook, 20th Edition. 

2. 

3. 

4. 

AISC, American Institute Of Steel Construction, Manual Steel Construction, 
Ninth Edition. 

WHC, Drawing, No. H-2-83734, Wydrogen Mixer Pump Storage Container". 

Ingersoll-Rand, ComDressed Air and Gas Data, 2nd Edition. 

Resul ts and Concl us1 ons : 

The weight and center o f  gravity calculated herein, form the basis for other 
engineering evaluations applicable to this package. The calculated values a 
conservative estimates of the actual weight and are the primary input parameL 
for the drop, lifting, and vibration evaluations. For reasons of  conservatism 
all calculated weights have been rounded upwards. Center o f  gravity values are 
all relative to the center of the Bottom End Blind Flange, except for the Top 
Caps which are relative to the front face o f  the Top End Flange. The weight and 
center of gravity of the package for various loading combinations are as follows: 

, 

1. 

2. 

3. 

4. 

Weight of  empty package no shielding: 

CG of empty package no shielding: 

= 57,000 lbs w-tY 

Cgqck = 27.3 ft 

Weight of empty package with shielding to Column 14: 

'shl pack = 88,000 lbs 

CG of empty package with shielding to Column 14: 

'gshlpack = 22.36 ft 

Weight of empty package with full shielding (Column 25): 

'sh2pack = 130,000 lbs 

CG of empty'package with full shielding (Column 25): 

CgshZpack = 26.62 ft 

Weight of l'oaded package with no shielding: 
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Wpck. = 76,000 1 bs 

CG o f  loaded package w i t h  no sh ie ld ing :  . 

Cgpck = 28.45 f t  

5 .  Weight o f  loaded package sh ie lded  t o  Column 14: 

'packshl = 110,000 l b s  

CG of loaded package sh ie lded  t o  Column 14: 

'gpeckshl = 29.59 f t  

6. Weight o f  loaded package f u l l y  sh ie lded  t o  Column 25: 

Wpcksh2 = 145,000 l b s  

CG o f  loaded package f u l l y  sh ie lded  t o  Column 25: 

'gpacksh2 - - 31.83 f t  
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IV.. . Enqineerincl Evaluation: 
Weight Determination of 101-SY Container: 

Carbon steel material density (Reference 1, page 2269): 

lbs 
in3 

pcScl = 0 - 2 8 4  - 

From Reference 3 

1. Main containment pipe: . 

OD of pipe: 

Length : 

Cross section area: 

odpip = 64 in 

= 52 ft + 0.75 in 
lP i ,  

Wall Thickness: tpi, = 0.5 in 

- Weight of pipe: Wpi, I pcst,-Apipe- lpi, 
Wpi, = 17,698 lbs 

Calculational Roundoff of. Weight: W, = 18,000 lbs 

2. Stiffening Rings Type 1 (with ears, 16 each): 

Outer diameter (excluding ears): 

Inside diameter: 

Thickness of rings: 

od,,, = 5 ft + 11.625 in 
id,,, = 5 ft + 4 in 

tsrl - 1.5 in 

Area of ring: 
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Job No. 0 
' Sub jec t  Weiaht and Center of Gravi ty  Determination 

For Conservatism model e a r s  as  r i g h t  t r i a n g l e s :  

= 2 f t + 2 i n  Base: be,, = 6.5 i n  Hei gh t : hear 

Area of  ea r :  

4 Weight o f  r ing :  Wsrl = P c s t l '  i- '.'ear) . t s r l  

Wsrl = 418 l b s  

Calcu la t iona l  Roundoff of Weight: W, = 450 l b s  

3a.  S t i f f e n i n g  Rings Type 2a (with f l a t s ,  3 each) :  

Area excluding f l a t s  same as above: 

Width of f l a t :  

For conservat ism assume rec t angu la r  shape. 

Area o f  f l a t s :  

Attachment lug  (assume ha l f  the weight c a r r i e d  by each r i n g )  

Thickness of  long p l a t e  w i t h  hole:  

wisrz = 3 i n  L e n g t h  of f l a t :  lsrZ = 2 f t  + 9 i n  

A f t a t  = wiSr2.lsrt 

talh = 2 i n  

Height of p l a t e :  halh = 11.625 i n  

Width of p l a t e :  w i a l h  = 8 i n  

Weight of long p l a t e . w i t h  hole:  

'1, = P c s t l '  halh*Wialh '  talh - 
Thickness of s h o r t  p l a t e :  t,, = 1.5 i n  

Height of p l a t e :  

Width of p l a t e :  

he, = 3 i n  

w,, = 9 i n  
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Weight of bottom support plate: 

we., = Pcstl-h,s.W,s.t,s . 

Total weight of one attachment lug: 

'slug 'Lh 'as 

Weight of ring: WsrZa = Pcstl*(AS,, + 2.Aflst).tsrl t watw 
wSrZa = 495 lbs 

Calculational Roundoff of Weight: wIe = 525 lbs 

3b. Stiffening Rings Type 2b (with flats, 4 each): 

Weight of ring only: 

Lifting lug: 

Thickness of lifting lug: 

Area of ring: 

Radi us : 

Height of straight section: 

Width of lug: 

Total area: 

- 
wsrZS - pCsr; (Asr, + 2-Aflar)-tsr, 

t , ,  = 2 in 

r,, = 4.75 in 

hLl = 1 ft + 2.625 in 

wit, = 9.5 in 

A,, - (x.rLl2)/2 t h,,-wi,, 
Weight of one lifting lug: 

Weight of ring: 

Calculational Roundoff of Weight: 

wll = pcstl~ALL~tLL 

WsrZb = wSrZb t w,, WsrZb = 550 lbs 

W,, = 600 lbs 

4. Bottom End Flange: 

Outside diameter o.f flange: 

Thickness of flange: 

od,, = 5 ft t 11.625 in 

t,, = 2 in 

B6- 12 



WHC-SD-TP-SEP-026 Rev. 0 

ENGINEERING ANALYSIS 

Drawing . H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e d  of 25 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Weiaht and Center of G r a v i t y  Determination 

Checker S .  R .  Crow e&?. Date 08/25/94 
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Area o f  f lange:  

Area of f l a t s  same as above. 

Weight of Bottom End Flange: W,, = pcst1*(&, + 2.Aflat) . tkf + walw 

W,, = 2,465 l b s  

Calcu la t iona l  Roundoff of Weight: 

Outside l o p  End Flange (Open): 

Outside diameter  of f lange:  

W, = 2,600 lbs. 

5 .  

odtef = 5 f t  + 11.625 in  

Thickness o f  f lange:  

ID of f lange  i s  od of  t h e  pipe.  

Area of  the f lange:  

ttef = 2 i n  

Weight of  Outside Top End Flange: Ut,' = p c s t l - A t e f - t t e f  

GIief = 461 lbs 

W, = 500 l b s  Calcu la t iona l  Roundoff of  Weight: 

6.  Inner bottom b l ind  f lange:  

OD of  f lange:  Odibf = OdPip - 2*tPi ,  

Thickness of f lange:  tibf = 2 i n  
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Area of  f lange:  

Weight o f  inner bottom f lange:  'ibf P ~ o t l . ~ i b f * t i b f .  

W i b r  = 1,771 l b s  

W, = 1,800 l b s  Calcu la t iona l  Roundoff of Weight: 

7 .  Inner  Top Flange (Open): 

OD of f l ange  i s  same 'as above. 

ID o f  f l ange :  

Area o f  f lange:  . 

i d i t r  = 4 f t  t 10 in  
. .  

Thickness:  t itr = 2 i n  

Weight o f  f lange:  Witf = pCStl-Aitf- titf 

W i t f  - 270 l b s  

Ca lcu la t iona l  Roundoff of Weight: W, = 300 l b s  

8. B u i l t - i n  Outer F u n n e l :  

Gusset p l a t e  th ickness :  t,, = 0.375 i n  

Gusset length :  1,- = 10.75 i n  Gusset he ight :  hgus = 9.25 i n  
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Area of gusse t  minus cu t -out :  

Weight of  12 gusse t s :  

Outer funnel p l a t e ,  t r e a t e d  a s  a frustum of a r i g h t  c i r c u l a r  cone: 

P l a t e  th ickness :  

Height of  cone: 

Outer r ad ius  of cone: 

wgus = 12~pCst,~A,;tg, 

tfrcc = 0.250 i n  

hfrcc = 10.750 i n  

Inner  r ad ius  of cone: 

- 3 ft'+ 8.5 in 
rircc - 2 

Surface  a r e a  of s e c t i o n :  

Weight of o u t e r  f u n n e l  p l a t e :  

wofp Pcstl.Afrcc.tfrcc _' 

Weight of o u t e r  funnel : 

'if-1 = 226 lbs 

W, = 300 lbs 
Wif-1 = Wgus + Wofp 

Calcu la t iona l  Roundoff of Weight: 

, 

I .  . .  
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Funnel P1 a t e :  

P l a t e ' t h i c k n e s s :  tfp, - 0 .5  i n  

OD of p l a t e :  

ID of p l a t e :  

Weight of funnel p l a t e :  

od,,, = 5 f t  t 3 i n  

i d f p l - -  3 f t  t 8.5  i n  

wfpl  - 222 l b s  

Calcu la t iona l  Roundoff of Weight: 

B u i l t - i n  Inner Funnel : 

Thickness of inner  funnel :  

W, = 300 l b s  

t i fp = 0.250 i n  

Top s e c t i o n ,  t r e a t  as  a h a l f  o f  a cone: 

Outside r ad ius :  

In s ide  r ad ius :  

Height of cone: 

Rifcone = 5 f t  + 3 i n  

ri f con  = 3 f t  + 8 .5  i n  

hifc- - 9.5  i n  

Surface a rea  of funnel : 

Weight of ha l f  cone: 

"hcone 249 l b s  'heone = PcscteAifcone'  t i f p  

Approximate remaining sec t ions  a s  two r i g h t  c i r c u l a r  t r f a n g l e s .  
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Length of  base: 

Angl e : 

Radius same a s  ID of pipe.  

a i f  = 30 deg 

l i f b  Rifcw.aif 

Height of t r i a n g l e  is same a s  f o r  cone 

Area of t r i  angul a r  s e c t i o n s  : 

Weight o f  t r i a n g u l a r  s ec t ion  (two s e c t i o n s ) :  

w / f t r i  = 2. ( P c s t t * * i f t r i *  t i f p )  w i f t r i  = 44 l b s  

Weight of  inner  funnel : 

wlf = 294 l b s  'if 'hcaK 'iftri 

Ca lcu la t iona l  Roundoff of Weight: w,,, = 350 lbs 

11. 3/4 inch thick saddle:  

Thickness of p l a t e :  tUs, = 0.750 i n  

Radius of  midplane curva ture :  

Total  included angle  o f  curva ture :  

Width of saddle:  

Length of saddle:  l,, = 51 f t  + 2.75 i n  - 1 i n  - 2 i n  - 3/4 i n  

Weight of 3/4 inch t h i c k  saddle  p l a t e :  

awsd = 22 deg 

wiusad = rusad-aus, 
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w~~~ = 1,118 l b s  

Ca lcu la t iona l  Roundoff of  Weight: 

1/4 t h i c k  saddle  p l a t e s  (2  each):  

Thickness of saddle :  

W,, = 1,200 l b s  

12. 

t14sed = 0.250 i n  

Width of r o l l e d  s e c t i o n :  

Angle of r o l l  : q 4 s e d  = 45 de9 - Qy& 

Radius of  r o l l  i s  same a s  ID of pipe.  

Wirsl4sad = Rifcon.%sbd 

Width of s t r a i g h t  s ec t ion :  

Weight o f  both secti .ons o f  1/4 inch saddles :  

wi14sad = 2 f t  t 10.5 i n  

w l C s d  = 2. [pest\. (wi rslCsad w i  1Lsad) .  ' sad '  t14sad] 

wlkSad = 5,187 l b s  

Calcu la t iona l  Roundoff of  Weight: 

Saddle  support  p l a t e ,  1/2 inch thick (2 each):  

W,, = 5,500 l b s  

13. 

Height: hlZssp = 8.75 i n  

Thickness of p l a t e :  

Weight of both p l a t e s :  

t12ssp  = 0.5 i n  

wlzsSp = 2. (pcst,.lsed*hlZssp. t12ssp) 

WlZssp = 1,518 l b s  

Calcu la t iona l  Roundoff of Weight: 

Saddle  suppor t  p l a t e s ,  1/8 inch th i ck  (2 each):  

Width: witasSp = 2 f t  t 6.25 i n  

Thickness o f  p l a t e :  

Weight of both p l a t e s :  

W,, - 1,600 l b s  

14 .  

t m s p  = 0.125 i n  

"18ssp = * '  (Pcstl' 1sad'wi18ssp* t18ssp) 
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Wiassp = 1,312 lbs 

Calculational Roundoff of Weight: W,, = 1,400 lbs 

15. Vent (1 each): 

Pipe parameters: 

Length: l,,, - 4:5 in 

(Reference 4', page 34-64) .  

Weight per foot : 

lbs 
ft wpv = 5.79 - 

Weight of  pipe section: wpv - - wpv.lvent 

. F1 ange : 

OD of flange: 

ID o f  flange: 

T h i c kne s s : 

od,, = 3.25 i n  

id,, - 2 in 

t,, = 0.5 in 

. Weight of flange: 

- i d $  - 
W v f  - P C S C l  

( od:f 4 

Weight o f  vent: 

wvent = wbp Wvf w,, = 3 lbs 

Calculational Roundoff of Weight: W,, = 10 lbs. 

16. Outer shielding shell ( t h i n  section): 

ID of  shell : 

Thickness o f  shell : 

idshell - 5 f t  t 8 i n  

tSlbsh = 0.3125 i n  

. .  . .  
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c r o s s  s e c t i o n a l  a r ea :  

Lengths o f  shells, columns 1 t o  8 and 15 t o  25: 

15, - 9.75 i n  - t,,/2 - t,,,/2 

15, = ( 2 - f t  t 10 i n )  - 9.75 i n  - tsrl 

15, = ( 4  f t  + 10.25 i n )  - ( 2  f t  + 10 i n )  - tsr, 

15, - (5 f t  t 7.750 i n )  - ( 4  f t  t 10.25 i n )  - tsrl 

15, = (8  f t  t 3.250 i n )  - ( 5  f t  t 7.750 i n )  - tsr, 

15, = (10 f t  t 10.750 i n )  - (8 f t  t 3.250 i n )  - tsr, 

15, = (13 f t  t 6.250 i n )  - (10 f t  t 10.750 i n )  - tstl 

15, = (32 f t  t 8.250 i n )  - (30 f t  + 0.750 i n )  - tsrl 

15, = (35 f t  t 3.750 i n )  - (32 f t  t 8.250 i n )  - tsrl 

1Sl0 = (37 f t  t 11.250 i n )  - (35 f t  + 3.750 i n )  - tsrl 

15,, = (40 f t  + 6.750 i n )  - (37 f t  t 11.250 i n )  - tsrl 

15,* = (43 f t  + 2.250 i n )  - (40 f t  t 6.750 i n )  - tsr, 

1S13 = (45 f t  + 9.750 i n )  - (43 f t  t 2.250 i n )  - tsr, 

15,, = (48 f t  t 5.250 i n )  - (45 f t  t 9.750 i n )  - tsrl 

15,, = (49 f t  -+ 2.750 i n )  - (48 f t  t 5.250 i n )  - tsrl 

15,, = (51 f t  t 2.750 i n )  - (49 f t  t 2.750 i n )  - tsrl 

15,, - (52 f t  t 0.750 i n )  - (51 f t  t 2.750 i n )  - t s r , /2  

15,,, = 15, t 15 t 1 5  t 15 t 15, -i- 15, t 15, + 15, t 15, + 15,, + 15,, t 15,, + 
IS,, t lgl, t 1 3 ~ 5  !516 t 1517 
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Weight o f  Thredolet  and plug (Reference: H. E. A t k i n s ,  Jr, 7/18/94): 

wthred - 20.1 1 bs 

Weight o f  t h i n  o u t e r  shell :  

'516sh ( P c ~ t l * b 1 6 s h . ~ ~ t o t )  17'Wthred w~~~~~ = 3,823 l b s  

Ca lcu la t iona l  Roundoff of Weight: 

17. Outer s h i e l d i n g  shell ( t h i c k  s e c t i o n ) :  

W,, = 4,000 l b s  

Thickness o f  shell: 

Cross s e c t i o n a l  a r ea :  

tlZsh - 0.5 i n  

t 

Length o f  shells Columns 8 t o  15: 

11, = (16 f t  t 1.750 i n )  - (13 f t  t 6.250 i n )  - tsrl 

11, = (18 f t  t 9.250 i n )  - (16 f t  t 1.750 i n )  - tsrl 

11, = (21 f t  + 4.750 i n )  - (18 f t  t 9.250 i n )  - tsr, 

11, =I (24 f t  t 0.250 i n )  - (21 f t  t 4.750 i n )  - tstl 

115 = (24 f t  t 9.750 i n )  - (24 f t  t 0.250 i n )  - tsr, 

11, = (27 f t  t 5.250 i n )  - (24 f t  t 9.750 i n )  - tstl 

11, = (30 f t  + 0.750 i n )  - (27 f t  t 5.250 i n )  - tsrl 

l l t o t  = 11, t 11, t 11, t 11, t 11, t 11, t 11, 

Weight o f  t h i c k . o u t e r  shell : 

'1Zsh (Pcstl.AIZsh.'ltot) 7*wthred  wlZsh = 2,882 1 bs 

Calcu la t iona l  Roundoff of Weight: W,, = 3,000 l b s  

a?&' , 
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18. Shie ld ing:  

Cross s e c t i o n a l  a rea :  

Density of l e a d  (Reference 1, page 2269): 

p+ - 0.4096.1bs/in3 

Assume 65% d e n s i t y  f o r  s h o t  (equiva len t  d e n s i t y ) :  

pew = 0.65-p,, 

Weight per u n i t  l e n g t h  of  lead  s h i e l d i n g :  

'&sh = Pe&'*shsp 

wpbsh - l l O - l b s / i n  

Lead weight u p  t o  Column 14: 

Lead Length: 

lenshl = 15, t 15, t 15, t 15, + 15, t 15, t 15, t 11, t 11, t 11, t 11, t 11, + 11, 

Weight o f  lead :  W M h l  = wpbsh.lenshl 'pbshl = 30,859 l b s  

Calcu la t iona l  Roundoff o f  Weight: W,, = 32,000 l b s  

Lead fu l l  length  t o  Column 25: 

Lead l e n g t h :  . lensllt = 15tOt + 11tot 

Weight o f  lead :  

Calcu la t iona l  Roundoff of  Weight: 

We,, - wpbsh*lensh2 

. 19. Outer Top Cap:. 

F1 ange : 

Thickness:  totcf = 2.250 i n  

Wpbsh2 = 64,947 l b s  

W,, = 66,000 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 1 6  of 25 
Building Tank 241-SY-101 Rev. 
Subject Weiaht and Center of Gravi tv Determination 
Originator S. S .  Shira Date 07/29/94 
Checker S. R .  Crow Date 08/25/94 

Job No. 0 
I 

OD: 

ID: idotcf 5 ft + 5 in 
odotcf = 5 ft + 11.625 in 

Cross sectional area: 

Weight o f  outer top cap flange: Wotcf = Pcstl. Aotcf - totcf 
Housing: 
Thickness: totch = 0.375 in Length: 

ID: 

OD: 

lo;ch = 2 f t  + 1.875 in 

idotch = 5 ft + 5 in 

odotch = idotch + 2. totch 

Cross sectional area: 

odzcch - id:,& 
Aocch = IT 4 

Weight of housing : "otch PcstlSAotch.'otch 

End plate: 

Thickness : totcep = 0.750 in 

OD : Odotcep * idotch 

Cross sectional area: 

Weight of End plate:' wotcep = pcstL-Aotcep.totcep 
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Drawing H-2-83734 Doc. No..lOl-SY-WTCG-Ol P a g e 2  of 25 
Building Tank 241-SY-101 
Subject Weiaht and Center of Gravity Determination 
Originator S. S. Shira Date 07/29/94 
Checker S .  R. Crow Date 08/25/94 

. Job NO. Rev. 0 

162 lbs/100 WotcblOO = Weight of bolts (1 inch, 4 inch long, weight per 100): 

Reference 2, page 4-146. 

Number of bolts: 

Weight of bo1 ts: 

Height of outer top cap: 

nblt = 32 

wOtcb = nblt~wotcb,~O 

'otc 

Calculational Roundoff of Weight: 
'otcf ' 'etch + 'otcep ' 'otcb Wotc = 1,779 lbs 

W,, = 1,900 lbs 

20. Inner Top Cap: 

F1 ange: 

Thickness: - -  titcf = 2.250 in 

OD : odircf  = 5 ft + 3 in 

ID: . iditcf = 4 ft + 10 in 

Cross sectional area: 

Weight of flange: witcf = pcstl*Aitcf.titcf 

Housing : 
Thickness: titch - 0.500 in Length: litch = 1 ft t 11.875 in 

OD : Oditch iditcf 

ID: iditch Oditch - 2. titch 

Ckoss sectional area: 
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 2  of 25 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject WeiQht and Center of Gravity Determination 
Originator’ S. S. Shiraoa - Date 07/29/94 
Checker S. R. Crow d&* Date 08/25/94 

’ 

Length: 

Weight of flange: witch = pcstl-Aitch.litch 

Retaining Ring: 

Thickness : 

ID: iditcrr = oditcf 

OD: 

Cross sectional area: 

titerr - 0.375 in 

oditcrr = idit;,, t 2.titcrr 

= 2.6875 in 1 i t c r r  

Weight of retaining ring : 

Gussets (8 each): 

Thickness: titcsus = 0.500 in 

= 7.1875 in Length: 1 i tcgUS 

Height : 

Weight of gussets: 

Retainer Plate: 

Th i c kness : 

OD : 

ID: 

Cross sectional area: 

hi tcgus = 7.0 in 

.ti tcrp - 0.500 in 

.oditcrp - 3 ft t 7 in 
iditcrp = 4 ft t 9 in 

W i t c r r  Pcstt.Aitcrr.1 i t c r r  

Height of retainer .plate: 
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Drawing H-2-83734 ' Doc. No. 101-SY-WTCG-01 P a g e 2  o f  25 
Building Tank 241-SY-101 Rev. 0 .  Job  No. 
Sub jec t  Weiqht and Center. o f  Gravi tv  Determination 
Or ig ina to r  S.  S. Shi ra sa  Date 07/29/94 
Checker S. R .  Crow-&- Date 08/25/94 

2 2 
0 4  ccrp - i d i  ccrp 

A i c c r p  = * 4 

End p l a t e :  

Thickness  : ti  tcep - 0.750 i n  

OD : Oditcep iditch 

Cross s e c t i o n a l  area: ... 
2 

0 4  ccep 
A i c c a p  = * 4 

Weight o f  end p l a t e :  witceF = pcst ;Aitccp-t i tcep 

Weight o f  b o l t s  (1 inch ,  4 inch long ,  weight p e r  100) :  w , ~ ~ ~ , ~ ~  = 162 lbs/100 

Reference 2 ,  page 4-146.  

Number o f  bo1 ts: = 28 

Weight o f  b o l t s :  

Weight o f  inner t o p  cap: 

witch = nbott-witcblOO 

'itc 

W i t c  = 1,463 l b s  

"itcf + 'itch + "itcrr + 'itcgus 'itcrp + 'itcep + 'itch 

Ca lcu la t iona l  Roundoff o f  Weight: 

Payload weight and CG (Reference from H .  E.  Atk ins ,  J r ,  7/18/94): 

Weight: W,,, = 19,427 lbs 

CG from bottom o f  o u t e r  t o p  f lange:  cgp,,, = 19.42 f t  

CG from bottom o u t e r  f l ange  center i s :  

W,, = 1 ,500  l b s  

cgpyz = (52 f y  + 0.750 i n )  - cgPy1 - t,,/2 cg,,,, = 32.56 f t  

Ca lcu la t iona l  Roundoff o f  Weight: W,, = 20,000 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 2 0  of  25 
B u i  1 d ing  Tank 241.-SY - 101 Rev. 0 Job No. 

O r i g i n a t o r  S .  S .  Shi raaa  Date 07/29/94 
Checker S .  R .  Crow @e Date 08/25/94 

.Subjec t  Weiqht and Center o f  Gravi t v  Determination 

Total  weight  of  package w/o sh ie ld ing :  

= W, t 16.W 
wl, ' w14 ' '15 

+ 3*W3, t 4.W3, + W, t W, t W6 t W, t W, t W, t .W,, t W , ,  t . 'epack 
'16 ' '17 ' '19 + '20 

Wepack - 55,435 l b s  

Calcu la t iona l  Roundoff o f  Weight: 

Total  weight  of  package empty w i t h  sh i e ld ing  t o  Column 14: 

WWty = 57,000 l b s  

'shlpack = 'epack '1, 'shlpack = 87,435 l b s  

Ca lcu la t iona l  Roundoff o f  Weight: Wmptyshl = 88,000 l b s  

Total  weight  of  package empty w i t h  sh i e ld ing  t o  Column 25: 

WshZpck 'epeck ' '18b 'sh2pack = 121,435 l b s  

Calcu la t iona l  Roundoff of  Weight: 

Total  weight o f  loaded package no sh ie ld ing :  

'pack 'epack ' '21 WPck = 75,435 l b s  

WWtysh2 = 130,000 l b s  

Ca lcu la t iona l  Roundoff of  Weight: 

Total  weight  of  loaded package sh ie lded  up  t o  Column 14: 

'peckshl - - 'pack ' '1, . . 'packshl = 107,435 l b s  

WfPck = 76,000 l b s  

Calcu la t iona l  Roundoff o f  Weight: 

Total  weight of  l oadedpackage  sh ie lded  up t o  Column 25: 

Wpacksh2 = 141,435 l b s  

GIfpcksh2 = 145,000 lbs 

WfPckshl = 110,000 lbs  

-'packst2 ss 'Lek ' '1, 
Calcu la t iona l  Roundoff o f  Weight: 

Approximate CG c a l c u l a t i o n s  of package: 

From c e n t e r  o f  bottom o u t e r  f lange .  

Package weight wi thout  t o p  caps ,  s h i e l d i n g  o r  r i ngs :  
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 2 1  o f  25 
B u i l d i n g  Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Weiqht and Center o f  G r a v i t y  Determinat ion  

. 

O r i g i n a t o r  S. S. Sh i rasa  /& Date 07/29/94 
Checker S. R. C r o w e & /  Date 08/25/94 

C a l c u l a t i o n a l  Roundoff o f  Weight: 

Assume CG o f  t h i s  p o r t i o n  a t  cen te r  o f  p ipe  f rom bottom: 

Wbasel = 39,000 l b s  

Cgbsel ',id2 t t d 2  Cgbsel = 26.11 ft 

CG o f  s t i f f e n e r  r i n g s :  

Reference i s  f rom c e n t e r  o f  bottom end f lange.  

lsrl = 0 i n  

lsrZ = 9.750 i n  

lrr3 = 2 f t  t 10 i n  

lsr4 - 4 ft t 10:250 i n  

lsr5 = 5 f t  t 7.750 in 

lsr6 = 8 f t  t 3.25 i n  

lsrlC - 27 ft t 5.250 i n  

lsrlS = 30 ft t 0.750 i n  

lSrl6 - 32 ft t 8.25 i n  

lsrl, = 35 ft t 3.750 i n  

lsr,8 = 37 f t  t 11.250 i n  

l s r lP  = 40 ft t 6.750 i n  

. lsr7 = 10 f t  t 10.750 i n  

lsrS = 13 ft t 6.25 i n  

l,, = 16 ft t 1.750 i n  

lsr10 = 18 ft t 9.25 i n  

lsrll = 21  f t  t 4.750 i n  

lsrlZ = 24 ft t 0.250 i n  

lsr,3 = 24 ft t 9.'750 i n  

lsrZO = 43 f t  t 2.25 i n  

lsrZl - 45 ft t 9.750 i n  

lSrZ2 = 48 ft t 5.25 i n  

l s r a  49 ft t 2.750 i n  

l s rz4  - 51 ft t 2.750 i n  

lsrZS = 52 ft t 0.750 i n  
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Drawing H-2-83734 Doc. NO. 101-SY-WTCG-01 P a g e 2  of 25 
Building l a n k  241-SY-101 Rev. 0 Job No. 
Subjec t  Weiqht and Center  of Gravi ty  Determination 
Or ig ina to r  S. 'S. Shiraqa Date 07/29/94 
Checker S. R .  Crow Date 08/25/94 

v 

cg,, = 21.94 f t  rL 

( d ,  15, + 4 15, + d3 15, + d, 15, + ds 15, + d, IS, + 4 15, 
+ d8 11, +.d ,  11, + dlo 11, + d,, 11, + 4 2  11, + d13 11,) 

cgsh14 = (15, + 15, + IS, + 15,'~ 15, + 15, + 15, + 11, 

+ 11, + 11, + 11, + 11, + 11,) 

cgsh14 = 13.79 f t  

CG o f  s h i e l d i n g  ma te r i a l s  f o r  sh i e ld ing  up t o  Column 25: 
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 2  of  25 
Building Tank 241-SY-101 Rev. 0 Job  No. 
Sub jec t  Weiaht and Center o f  Gravi ty  Determination 

Checker S. R .  Crow -5% Date 08/25/94 
O r i g i n a t o r  S.  S.  Shi raqa  // Date 07/29/94 

dl 15, + d, 15, + d, 15, + d, 15, + d, 15, + 4 15, + d, 15, 

+'d8 11, + d, 11, + dl0 11, + d,, 11, + d,, 11, + d,, 11, 

+ d,, 11, + d15 15, + d,, 15, + d,, 15,, + d,, 15,, + d,, 15,, 

cgshzs - 26.04 f t  

CG o f  t op  caps  r e l a t i v e  t o  bottom of  o u t e r  t o p  f lange:  

Outer top  cap: 

tgot, - 1.36 f t  
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 2  of 25 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Weiqht and Center of  Gravi t v  Determination 
O r i g i n a t o r  S. S .  S h i r a s a  /fi Date 07/29/94 
Checker S.  R .  Crow . Date 08/25/94 

Inner  t o p  cap: 

cgirc  = 1.39 f t  

C G  of package empty w i t h  no sh ie ld ing:  

cGepack = 27.3 f t  

CG of loaded package w i t h  no sh ie ld ing:  

cGpack ('epack cGepack + 'pay cgpy2)/wpCk 

CGpck = 28.45 f t  

CG o f  loaded package w i t h  s h i e l d i n g  t o  Column 14: 

CGpackshl = ('pack cGpack + '1, Cgsh14)/Wshlpack 

CGPckshl = 29.59 f t  
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Drawing H-2-83734 Doc. No. 101-SY-WTCG-01 P a g e 2  of  25 
Building Tank 241-SY-101 Rev. 0 Job No. 
Sub jec t  Weiqht and Center o f  Gravi ty  Determination 

Checker S .  R .  Crow ,(- Date 08/25/94 
O r i g i n a t o r  S .  S .  S h i r a s a  // Date 07/29/94 

CG of loaded package w i t h  s h i e l d i n g  to.Column 25: 

CGpackshl  = ('pack cGpack + '1, Cgsh25)/wsh2pack 

. CGPckshZ = 31.83 f t  

CG of  empty package w i t h  s h i e l d i n g  t o  Column 14:  

CGshlpack  = ('epack cGepck + '1, CgshlC)/Wshlpck 

CGshlpeck = 22.36 f t  

CG of  empty package w i t h  s h i e l d i n g  t o  Column 25: 

CGsh2pack ('qxck cGepck 4- '1, Cgsh25)/Wsh2pack 

C G S h Z P C k  = 26.62 f t  

Total impact l eng th  of  package: L,,, = 52 f t  + 2.750 in  

Ltot = 626.75 i n  
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Drawing H-2-83734 Doc. No. 101-SY-GLOAD-01 P a g e l  o f  5 
Building Tank 241-SY-101 Rev. 0 Job No. 
Sub jec t  Determination of G Loadins on 12 i n  Thick Reinforced Concrete 
O r i g i n a t o r  S. S.  S h i r a s a  Date 07/31/94 
Checker P. M.  Nquven P A A A D r w  Date 08/09/94 

Ob.iect1 ves : 

The o b j e c t i v e  o f  this  a n a l y s i s  i s  t o  determine the d e c e l e r a t i o n  loads  f o r  var ious 
load  c o n f i g u r a t i o n s  o f  the Hydrogen Mixer Mit igat ion Pump (HMMP) Package when 
sub jec t ed  t o  a s imulated 12 inch drop onto a f l a t  ho r i zon ta l  12 inch t h i c k  
r e i n f o r c e d  conc re t e  s l a b  per  Reference 1. 

References: 

1. WHC-SD-TP-PDC-019, "Packaging Design C r i t e r i a  T rans fe r  and Disposal of 

2.  WHC, Engineering Change Notice 606676, dated June 27, 1994. 

Hydrogen Mixer Pump". 

3 .  US-NRC, 10 CFR P a r t  71, "Packaging and Transpor t a t ion  of Radioactive 

4. EPRI, E l e c t r i c  Power Research I n s t i t u t e ,  EPRI NP-4830, "The Effect  o f  

Mate r i a l s " .  

Target  Hardness on the S t r u c t u r a l  Design o f  Concrete Storage Pads f o r  SDent 
Fuel Casks", October 1986. 

5 .  ACI, American Concrete I n s t i t u t e ,  Manual of Concrete P r a c t i c e  1989, Part 
111. 

6 .  WHC, Drawing No. H-2-83734, "Hydrogen Mixer Pump Storage Container".  

Resul ts and Concl usi ons : 

As s t a t e d  i n  Reference 1 ,  t o  show s t r u c t u r a l  i n t e g r i t y  o f  t h e  package, an 
s imulated a n a l y t i c a l  drop of t h e  package onto a 12 inch t h i c k  r e in fo rced  concrete  
pad i s  t o  be performed. Although not c o n s i s t e n t  with Reference 2 ,  t h i s  . c r i t e r i o n  
s imula t e s  the cond i t ion  which e x i s t  on the s i t e  boundary f o r  o n - s i t e  t r a n s f e r s .  
The d e c e l e r a t i o n  load parameters f o r  s imulat ing t h e  drop were determined by using 
the methodology e s t a b l i s h e d  in Reference 4. 
j u s t i f i e d  on the b a s i s  t h a t  t h e  con ta ine r  i s  s i m i l a r  in  c o n s t r u c t i o n  t o  a spent  
fue l  container. .  
s t e e l  w i t h  a r e l a t i v e  ove ra l l  hardness g r e a t e r  than conc re t e .  

The use of t h i s  methodology i s  

The package s i m i l a r  t o  a spent fue l  c o n t a i n e r  i s  constructed of 

Based upon the methodology ou t l ined  i n  Reference 4 ,  the  r e s u l t s  show the  
d e c e l e r a t i o n  loading f a c t o r s  f o r  var ious load cond i t ions  a s :  

1. Package loaded without sh i e ld ing :  g,, = 33.4 

2 .  Package loaded and p a r t i a l l y  shielded:  gdec = 32.3 

3 .  Package loaded and f u l l y  sh i e lded :  gdec = 25.3 
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Drawing H-2-83734 Doc. No. 101-SY-GLOAD-01 Page2 of 5 
Bu'i 1 d i ng Tank 2 4 1 - SY - 1 0 1 
Subject Detehnination o f  G Loadins on 12 in Thick Reinforced Concrete 
Originator S. S. Shirasa Date 07/31/94 
Checker P. M. Nquven Date 08/09/94 

Rev. 0 Job No. 

T h e  results are used in subsequent drop  evaluations. 
were chosen t o  parametrically determined the largest loads on the package and 
various c r i t i ca l  components. 
inversely dependent on the weight. In p a r t ,  th i s  i s  due t o  the methodology which 
accounts for the impact energy absorbed by the concrete as i t  f a i l s  under impact. 
The heavier and s t i f f e r  the package the more the concrete f a i l s  which absorbs 
more energy of impact, thereby decreasing the deceleration loading on the 
package. 

The three configurations 

This required since the deceleration loads are 
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Drawing H-2-83734 Doc. No. 101-SY-GLOAD-01 P a g e 3  o f  5 
Building Tank 241-SY-101 Rev. 0 Job No. 
Sub jec t  Determination o f  G Loadina on 12 i n  Thick Reinforced Concrete 
O r i g i n a t o r  S. S. Shiraua lh Date 07/31/94 
Checker P. M .  Nuuven a i d  Date 08/09/94 

IV. Enqineerinq Evaluation: 

Ca lcu la t iona l  assumptions based on EPRI Document (Reference 4 )  : 

Assumpt-ions : 

Concrete thickness : h - 12 i n  

Cover rebar :  c - 2  

Concrete s t r e n g t h :  

S o i l  Modulus o f  E l a s t i c i t y :  

f, = 4,000 psi 

E, = 25 x lo3 psi  

S, = 60 x lo3 psi 

For normal weight conc re t e  (Reference 5 ,  page 318/318R-83), c 
e l a s t i c i t y :  , 

E, = (57,000 f:.') psio.5 

n c r e t e  modulus 

This forced t o  have psi  u n i t s ,  s i n c e  t h e  constant  57,000 has b u i l t  i n  psi'.' 
u n i t s .  

E, = 3.6 x l o6  psi  

#9 r e b a r  (Reference 5,  Table B . l ,  P a r t  111) 

Ag - [n (1.13 in)*]/4 

Package 1 ength (Reference 6)  : 

Weight o f  packages: 

Width o f  f o o t p r i n t :  

For a s i d e  drop: 

L = 52 f t  + 2.750 ' in  

a = (AP S,)/(0.85 F, h )  

U1 t i m a t e  moment c a p a c i t y  of t h e  conc re t e  s l ab :  

f 
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Y; 
5 
21 
28 

32.5 
42 

50 

Mu = &, S, (d - a/2) 
Mu - 557,353 lbs in 

p = (  )+ p = 0.012 in-1 
4 E, IC 

Foot print area: 

Target hardness number: 

A = L d 

2 A E, Mu f, s, = 
(wp.ck,)3 

Curve Fit of Data for Interpolation (Reference 4): 

Cask G loading from EPRI  data at 12 inches: ‘ 

‘ B6-37 
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Drawing H-2-83734 Doc. No. 101-SY-GLOAD-01 P a g e 2  of -5- 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Determination of G Loadins on 12 in Thick Reinforced Concrete 
Originator S. S. Shiracra Date 07/31/94 
Checker P. M. Nsuven *d Date 08/09/94 

G loadings from curve interpolation at 12. inches: 
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Drawing H-2-83734 Doc. No. 101-SY-PRES-01 P a g e l  of 11 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Pressure Increase and Decrease Eva1 uation 
Originator S .  S.  Shiraq Date 08/01/94 
Checker S .  R .  Crow Date 08/15/94 

I .  

11. 

111. 

Objectives: 

The objective of t h i s  evaluation i s  t o  evaluate.the pressurization of  the package 
as required in Reference 1. 

References: 

1. WHC-SD-TP-PDC-019, Rev. 0 ,  "Packaging Design Criteria Transfer and Disposal 
of Hydrogen Mitigation Mixer Pump". 

ASME, American Society of Mechanical Engineers, Boil e r  and Pressure 
Vessels. Section V I I I ,  Division 2 ,  1989. 

2 .  

3. WHC, Drawing No. H-2-83734, "Hydrogen Mixer Pump Storage Container". 

4 .  Roark, Formulas for Stress and Strain, 4 t h  Edition. 

Results and Concl us{ ons : 

Per Reference 1, th i s  evaluation i s  t o  consider increased external pressure o n  
the package of 20 psi and decreased external pressure of 3.5 psi .  The larges. 
pressure differential  results from decreased external pressure. Only the largest 
pressure differential  of 11.2 psi which i s  the decrease.in external pressure i s  
evaluated herein, since i t  i s  the worst case loading. 
2 inch thick inner blind flange a t  the bottom end are considered as the primary 
containment boundaries. 

The resul ts  show t h a t  the package design i s  adequate t o  withstand the pressure 
different ia ls  specified in Reference 1. 
with drop evaluation t o  determine performance under combined loading. 

. 
The inner t o p  cap and the 

Also the results are used i n  conjunction 
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IV. Enqineerinq Evaluation: 

Pressure Chanqe Evaluation Inner Blind Flame: 

I 
Figure 1 

Modulus of Elasticity (Reference 2): 

Poisson's ratio (Reference 2): 

Containment boundary pipe ID: 

Ecstl = 29.26 x lo6 

vest( = 0.3 
id, = 5 ft + 3 in 

.Pipe outside radius: R, = i d d 2  

Wall thickness: 

ASME a1 1 owabl e at temperature: 

Per Reference.2, page 513, for allowable bending and discontinuity stresses: 

1.5 s, = 34,905 psi 

t, = 0.500 in 

s, = 23,270 psi 

t, - 2.00 in Flange thickness: 
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. 

Rig id i ty  Factors  (Reference 4 ,  page 298): 

F1 ange : 

Pipe : 

Container mid s ec t ion  s t r e s s  (Reference 4 ,  page 298, Case 1 ) :  

Evaluate f o r  worst case :  reduct ion in  ex terna l  Dressure (Reference 1) :  

P,, - 11.2 psi 

Meridional s t r e s s :  

. ('red R p ) / 2 ( t p )  s, = 353 psi  

HOOD s t r e s s :  

s2 = 706 psi 

stat = 1,058 psi  S t o t  = s1 + s2 

Marqin of Safetv:  

M S m i ,  = 21 
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Package end discontinuity stress (Reference 4, page 307, Case 30) :  

Discontinuity moment at joint: 

' E  

Discontinuity rad 

M, = 321.4 lbs 

a1 shear at joint: 

Vo = 123 lbs/in 

Stress in pipe at joint: 

Hoop stresses: 

shhX = 4,248 psi 

'hsmax = -5 ,035  psi 

' Total hoop stress: 

'thmsx = ' h h x  + 'h-x + '2 
sthW = -81 psi 

srrtmex = 7,714 psi ' 2  Meridional stress: srrtmax = (6 M,)/t 

~ l M E 4 X  = (1.932 V o ) / ( A p  t2,) smx = 2,944 psi ' 
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Total  Meridional stress: 

St-x - - sntmex + s m x  + 51 s t m x  = 11,010 ps i  

Total  s t r e s s  on p ipe  a t  d i scon t inu i ty :  

'btot ' t m x  'thmax sbrot = 10,929 ps i  

Margin of Safe ty :  

OK MS, (1.5 sJsbtot) - 1 MS, = 2.19 

Package inne r  b l ind  f l ange  stress (Reference 4,  page 307, Case 30):  

Flange Pressure Loading: 

Model f l ange  as  f l a t  p l a t e  with diameter  of p ipe ,  which i s  simply supported using 
small d e f l e c t i o n  theory .  

Inverse of Poisson'-s Rat io :  

Maximum r a d i a l  s t r e s s  from pressure a t  cen te r  of f lange:  

sir = 

W, = P,, x R2, Wo = 34 ,913 . lbs  

m = 1/vcstl 

(3 m + 1) 3 w o  

8 x m t :  

sfr  = 3,438 psi  

Maximum r a d i a l  stress from moment a t  c e n t e r  of f lange:  

- 6 Mo 
t: 

S f r n  - - 

sfmr = 482 psi 

Shear stress: 

s, = "dtr 
Total f l ange  s t r e s s :  

s, = 62 psi 

Sfrot = Sfr + Sfmr + 's 

Margin o f  Safe ty :  

sfrot = 3,982 psi  
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MS, = (1.5 sJsftOt) - 1 

Pressure Chanqe Evaluation Inner Top Cap: 

MS, = 7.77 OK 

Since this u n i t  i s  equipped w i t h  an inne r  top cap,  eva lua te  i n n e r  top cap 
s t r e s s e s .  

Top cap pipe th i ckness :  ttcp = 0.500 i n  

Outside diameter of  t o p  cap pipe: 

Outside pipe r ad ius :  
4 

Flange thickness:  

odtcp: 4 f t  + 10 i n  

ttcf - 0.750. in  

Flange r ad ius :  Rtcf = (odtcp - 2 t tcp) /2  

R i g i d i t y  Factors  (Reference 4,  page 298): 

F1 ange : 

Pipe: 

Container mid s e c t i o n  s t r e s s  (Reference 4,  page 298, Case 1): 

Evaluate f o r  worst case :  reduct ion in  external  Dressure (Reference 1 ) :  

P,, = 11.2 psi  

Meridional s t r e s s :  
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Sltcp = ("rd Rtcp)/(' ttcp) sltcp = 325 psi 

HOOD stress: 

SZtcp (Prd. Rtcp)/ttcp sztcP = 650 psi 

Top cap end discontinuity stress (Reference 4 ,  page 307, Case 3 0 ) :  

Discontinuity moment at joint: 

M,,, = 968 l b s  

Discontinuity radial shear at joint: 

V,,, = 338 lbs/in 

Stress in pipe at joint: 

Hoop stresses: 

'httarax = 12,796 psi 

Shtsmax = -13,245 psi 

B6-46 



WHC-SD-TP-SEP-026 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-PRES-01 P a g e 8  o f  11 
Bui 1 d i  ng Tank. 241 -SY - 101 Rev. 0 . Job No. 
Subject  Pressure Inc rease  and Decrease Eva1 uat ion 
O r i g i n a t o r  S. S. Sh i r aaa  A/ Date 08/01/94 
Checker S. R .  Crow Date 08/15/94 

Total  hoop stress: 

'tthmsx = 'htbnax ' 'htsmax ' '2tcp 

Meridional stress: 

S m t b x  = (6 Mtco)/t2tcp 

SmtyMx - (1.932 V o ) / l p  tZP 

Total  meridional s t r e s s :  

'mttmx = 23,234 ps i  

Smtwnex = 2,944 psi 

S t t m x  

Total  s t r e s s  on p ipe  a t  d i s c o n t i n u i t y :  

S m t b x  ' Smt-x -I- Sltcp -I- Sttmnax = 26,502 psi 

'bttot = 'ttrmulx + 'tthmex 

Margin of Sa fe ty :  

' bt  tot. = 26,703 ps i  

MS, = (1.5 sJsbttot) c 1 MS, = 0.31 

Package bottom f l a n g e  stress (Reference 4, page 307, Case 30): 

OK 

Flange Pressure Loading: 

Mode1 f l ange  a s  f l a t  p l a t e  with diameter o f  p i p e ,  w h i c h  i s  simply supported using 
small d e f l e c t i o n  theo ry .  

Wtco - - Pr, x R'tcp Wtc, = 29,591 1 bs 

1nver.se o f  Poisson's Rat io:  rn - 1/vCst, 

Maximum r a d i a l  s t r e s s  from p res su re  a t  c e n t e r  o f  f lange:  

(3 m + 1) - 3 Wtc, 
srccr - a x m tEcf 

sftcr - 20,722 psi 

Maximum r a d i a l  s t r e s s  from moment a t  c e n t e r  of f l ange :  

Sftcmr = 10,326 psi  
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Shear stress: 

. Stcs - V t c J t t c f  stcs = 451 ps i  

Tota l  f l a n g e  stress: 

Sf t to t  - Sf tcr  + Sftcmr + stcs S f t to t  = 31,499 ps i  

Margin of Safety:  

MS, = (1.5 SJSfttot) - 1 MS, - 0.11 OK 

Inner  t o p  cap f l  ange/pi pe junc t ion  stress ca l  cul a t i  ons : 

I l h F  

Figure  2 

Model a s  Roark Case 32,  flanged and bol ted  pipe.  

Resul tan t  b o l t  t ens ion  from preload (ASME Evaluat ion):  

\bolt 19,969 l b s  

odtcp = 4 f t  + 10 i n  OD o f  pipe:  

ID o f  pipe:  idtcp = Odtcp - 2(t tcp)  
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OD .of Flange: 

Flange th ickness :  htcf = 2.25 i n  

Bol t  c i r c l e  diameter:  

Dimensional f a c t o r s :  

odtcf = 5 f t  + 3 i n  

bc = 5 f t  + 1 i n '  

Drawing H-2-83734 Doc. No. 101-SY-PRES-01 P a g e 2  of 11 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Pressure Increase  and Decrease Evaluation 
Or ig ina to r  S. S. Shiracra 
Checker . S. R .  Crow 

Date 08/01/94 
Date 08/15/94 

Rad 

vocc = 

a1 Shear:  

(tcw + 0.2325 f TI) Pred - 2 T, (hccf + 0.5377 f) hrbolc 
Lccp j 

1.860 f tc, + Tl htCf (2 + 0.1160 - f + 1.6103 f hc, + 0.866 f2] 
t C, 

V,,, - -43 lbs/in 

Moment : 

\ - uccp j 
Mocc = 1.5 T, hccf - 3.464 tc, 

Mot, - 190 l b s  

- Longitudinal bending stress i n  pipe:  

sitcp, = 4,549 psi 
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Longitudinal d i r e c t  stress i n  pipe:  

stcpl = 537 psi 

Radial bending stress i n  f lange:  

s t tCf l  = 282 psi  

Radial d i r e c t  stress i n  f lange:  

stcf,  = 66 psi  

sttcfz  - -138 psi 

Tangent ia l  hoop s t r e s s  i n  f lange:  

StcfZ = [hZtCf/(4 t3tcpl T, ( V 0  + htcf PrJ S,,fZ = 679 Psi 

Total  stress i n  pipe:  

'pipe P , 'tcpl + SItcp l  

'flange 

Total  s t ress  i n  f l ange :  

S t c f l  + S' tc f l  + Stc fZ  + S'tcfZ 

Pipe Margin of Safe ty :  

MSpip = (1.5 s,/sPipe) - 1 

Flange Margin of Safe ty :  

''flange = (1.5 SJSfLange) - 1 

sPip = 5,086 psi 

= 888 psi  Strange 

MSpi, = 6 OK 

OK 
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Checker P .  M. Nquven Date 08/08/94 

Rev. Job No. 

Objec t ives :  

The o b j e c t i v e  of th i s  eva lua t ion  i s  t o  v e r i f y  the package b o l t s  and f l ange  design 
loads  a r e  i n  accordance with Reference 2 .  
inner top  cap c l o s u r e  f l ange  i s  eva lua ted  t o  in su re  proper  s t r e n g t h  of f l ange  
ma te r i a l  w i t h  respect t o  bo1 t i n g  ma te r i a l .  
eva lua ted  s i n c e  i t  i s  not  considered a containment boundary f o r  t r a n s p o r t a t i o n .  

Also the thread  engagement of the 

The o u t e r  top  cap loading  i s  no t  

References:  

1. WHC-SD-TP-019, Rev. 0 ,  "Packaging Design C r i t e r i a  T rans fe r  and Disposal of 
Hydrogen Mixer Pump". 

2 .  

3 .  I n d u s t r i a l  Press, Machinery's Handbook, 20rd Edi t ion.  

4 .  WHC, Drawing No. H-2-83734, "Hydrogen Mixer Pump Storage Conta iner" .  

5 .  Flexicarb  Product Spec i f i ca t ion .  

6 .  

ASME, American Socie ty  of Mechanical Engineers,  Bo i l e r  and Pres'sure 
Vesse ls ,  Sec t ion  VII I ,  Divis ion 2 ,  1989. 

ASTM, American Socie ty  f o r  Test ing and Mate r i a l s ,  ASTM A307, 1989. 

I I I. Resul t s  and Concl us i  ons : 

The results of t h i s  engineer ing eva lua t ion ,  independently v e r i f i e s  t h a t  the 
des ign  i s  adequate t o  withstand t h e  pressure  loads  s p e c i f i e d  i n  Reference 1 by 
meeting the requirements  of Reference-2.  
i s  s u f f i c i e n t  t o  provide a fl'ange s t r eng th  equiva len t  t o  t h e  b o l t  s t r e n g t h ,  which 
insures the b o l t s  will not  p u l l -  away from t h e  m a t e r i a l .  
a l s o  used in  conjunct ion with drop eva lua t ions .  

Also, the s p e c i f i e d  thread  engagement 

Bo1 t s t r e s s  values  a r e  
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IV. Enqineerinq Evaluat ion:  

ASME Sec t ion  VIII, Div is ion  2. V e r i f i c a t i o n  and Data: 

Determination of p ipe  mater ia l  a1 lowabl es and parameters  a t  tempera ture ,  
Reference 2, Tbl. ACS-1, page 77. 

sa = 23,270 psi  

Allowable f o r  bending and d i s c o n t i n u i t y  s t r e s s e s  (Reference 2 ,  page 513):  

Sal  = 1 .5  sa . sal = 34,905 ps i  

Modulus. of E l a s t i c i t y  a t  temperature ,  Reference 3, page 70. 

) (115 - 200)- 1061 ] p s i  2 8 . 8  - 2 9 . 5  [ ( 200 - 7 0  E,,,, = p 8 . 6 -  l o s  + 

Ecstl - 2.93 x lo7 psi  

Poisson 's  r a t i o  wi th  no c y c l i c  loading based on y i e l d ,  (Reference 2 ,  page 516): 

sYb = 38,000 ps i  sib = 38,000 ps i  

vcstl = 0.5 - O . ~ ( S J S ~ , , )  vCstl  = 0.3  

Design pressure :  pdes = 11.2 ps i  

Allowable t e n s i l e  on bo l t ing  ma te r i a l :  sab = 55,000 ps i  

Bol t  Loading (Reference 2, Sect ion  3-320, page 488): 

Gasket f a c t o r  from Reference 5: 

m u 2  y = 1,000 psi  

Inner f l  ange gaske t  o u t e r  diameter:  

Inner f lange  gaske t  inner diameter:  
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inner flange gasket seat diameter: 

N - (odgss - iditf)/2 in 
Basic gasket seating width: 

iditr = 4 ft + 10 in 

bo = N/2 

Since gasket seating width > 1/4, effective gasket seating is: 

b = & i n  
2 

iota 

Requ 

With b0>1/4, diameter at location of gasket reaction is: 

G - Odgas - q b )  
Total hydrostatic end force: 

H = 0.785 G2 pdes 

joint surface compression 1 oad: 

H, - 2 b (3.14) G m pdes 

G - 59.09 in 

H = 30,697 lbs 

H, - 2,749 lbs 
red bo1 t load (internal pressure) : 

W,, - H + H, 
Total bo1 t load required for gasket sealing: 

W,, ,- 33,446 lbs 

W, = (3.14) b G y W, = 61,361 lbs 

Since W,,<W, Gasket seating governs for determining bo1 t torque. 

Bolt diameter: dblt = 1 in Number of bo1 ts : nblt - 28 

Threads per inch: nth = 8/in 

Load per bolt for gasket seating: 

W b l ,  - W,/%Jlt Wblt = 2,191 lbs 

Kcmf = 0.2 Assume a torquing coefficient of: 

Required tightening torque to seat gasket: 
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T,, = 37 f t - l b s  - 
T r q  - Kcoef "bolt 'bolt 

Spec i f i ed  bo1 t torque ,  Reference 4: Tprel = 310 f t - l b s  

Therefore  gaske t  adequately seated and seal ed. 

Bo1 t loading:  

Preload on bo1 ts: 

Hydros ta t ic  load pe r  b o l t :  

Total  load  per  bo l t :  

Tensile stress i n  a rea  of b o l t s ,  Reference 

hhVro = H/28 

wbtot 'i watt + hhyro 

A ,  = 0.7845 dbolc - ( 
Total  stress per  b o l t :  

Margin of  Safe ty  based on t e n s i l e :  

sblt = wbrot/Ab 

MSbolt - ( S a d S b o l t )  - 1 

F1 ange bo1 t des i  gn 1 oads : 

watt = 18,600 ibs 

hhyro = 1,096 l b s  

wbtot = 19,696 lbs 

6: 

0.9473 
n tli 

sbolt = 32,304 psi 

MSb1, = 0.7 

In t e rna l  pressure load:  

w, = Wml 

Required t o t a l  bo1 t area :  

b 'uds.ab 

Gasket 1 oad: 

Wesk = 47,448 l b s  

F1 ange moments from in t e rna l  pressure:  
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ID of  f lange:  

Thickness of hub back of  f l ange  assumed as :  

Bol t  c i rc le  diameter :  C - 5 f t  t 1 i n  . 

Radial d i s t a n c e  from bc t o  i n t e r s e c t i o n  of  hub and back of  f l ange :  

B = i d i t r  

g1 = 0.5 i n  

R, - [(C - 81/21 - 91 

Hydros ta t ic  end f o r c e  on a rea  i n s i d e  of f lange:  

H, = 0.785 B2 pdes HD = 29,576 l b s  

Gasket load:  H, W, - H H, = 2,749 l b s  

Dif fe rence  between t o t a l  hydros t a t i c  end fo rce  and t h e  end f o r c e  on area i n s i d e  
of t h e  f l ange .  

H, = H - H, H, = 1,121 l b s  

Radial d i s t a n c e  from t h e  b o l t  c i r c l e  t o  the  c i r c l e  on which H, a c t s :  

hD - R, t 0.5 g, 

Radial d i s t a n c e  from gaske t  load r eac t ion  t o  the b o l t  c i r c l e :  

h, = (C - G)/2 

Radial d i s t a n c e  from t h e  b o l t  c i rc le  t o  t h e  c i r c l e  on w h i c h  H, a c t s :  

h, .I (R1 t g1 t h,)/2 

Component of moment due t o  H,: 

% E HD hD 

Component of moment due t o  H,: 

"ti - HG hG 

Component of moment due t o  H,: 

M, = "T hT 

Total  moments from i n t e r n a l  pr 

Mopress - t$ t M, t M, 

sure  

\ = 36,970 l b s - i n  

M, - 2,627 l b s - i n  

tl, = 1,376 l b s - i n  

= 40,974 l b s - i n  "opress 
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Orig ina to r  S.  S. Sh i r a sa  I// Date 08/01/94 
Checker P. M. Nquven i??d Date 08/08/94 

’ Subjec t  ASME Desisn and Bo1 t. Ensaqement. Ver i f i ca t ion  

Moment from gaske t  s ea t ing :  . 

Mwas = [ W g a s  (C - G)1/2 

Hub Flange S t r e s s e s  ( f o r  i n t eg ra l  type  f lange) :  

Flange thickness: 

Hub length :  

Thickness of  hub a t  small end: 

Hub f a c t o r :  

MWas = 45,346 l b s - i n  

t,, = 2 i n  

h - 0.5 in 

g, = 0.5 i n  

Rat io  o f  th icknesses :  

Rat io  o f  h u b  l eng ths :  (h /h , )  = 0.09 

From Reference 2 ,  page 497: 

Fac tors  f o r  i n t e g r a l  type  f langes :  

From Reference 2,  page 499: 

F = 0.908920 

.Hub c o r r e c t i o n  f a c t o r  f o r  i n t eg ra l  type  f langes :  

Flange OD: 

Ratio of  OD t o  ID of f lange:  

A = 5 f t  + 3 i n  

K, = A/B K, - 1.09 

From Reference 2, page 496, K Factors :  

V = 0.550103 

f = l  

e (1 + 8.55246 log(%)) - 1 
1.36136 (e - 1) (q - 1). U =  
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Building Tank 241-SY-101 Rev. Job No. 
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Checker P. M. Nquven $Md Date 08/08/94 
Originator S. S. ShiraQa ,942 Date 08/01/94 

$ (1 + 8.55246 10g(Kl)) - 1 
[1.047'20 + 1.9448 (&)"I (Kl - 1) Tl = 

d - (W) h, g2, ec = F/h, z = (K', + 1)/(KZ1 - 1) 

0.66845 + 5.71690 Kl - 1 

Longitudinal hub stress: 

SH = 3,732 psi 'H = ( f  g12 B, 

Operation: 

2 sh = 3,372 psi sh E ( f  'opr~~)/(~ g1 B, 

. Total combined stress: H, - S, + sh H, = 7,105 psi 

Radi a1 fl ange stress: 

Gasket seating : 
1.33 tfb ec + 1) Mqas s, = ( 

L t& B 

S, = 338 psi 

Operation: 
1.33 t, ec + 1) Mop,,,, 

L t& B 
s, = ( 

sr - 305 psi 
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Building Tank 241-SY-101 Rev. Job' No. 
Subjec t  ASME Desiqn and Bo1 t Ensaqement Ver i f i ca t ion  
Or ig ina to r  S. S. Shiraqa  Date 08/01/94 

1 Checker P. M. Nquyen P%n/ Date 08/08/94 

Total  combined stress: 

Tangent ia l  f l ange  str.esses: 

Gasket s ea t ing :  

R, = S, + s, R, = 643 ps i  

z S R  
s, = YMOgas  - 

t:b 

S, = 473 psi  

Operation: 

s, = 427 psi 

Total  combined s t r e s s :  T, = S, + s, T, = 900 psi 

Allowable Design S t r e s s e s  f o r  ASTM A-516 Gr. 70 ,  Normalized: 

sa = 23,270 ps i  

1.5 sa - 34,905 psi  

For conservat ism base on combined stresses: 
w 

Paragraph ( a ) ( l ) :  H, < 1.5 sa OK 

Paragraph (b)  : R, < sa OK 

Paragraph ( c ) :  T, < sa OK 

Paragraph (d) :  (H, + R,)/2 < sa OK 

Paragraph ( e ) :  Check weld s i z e  

Weld size,  assume only one l eg :  

Weld area:  A,, = 0.707 w, .x B 

Shear  stress on weld: 

ASME al lowable on weld: sua = 0.8 sa 

w, = 0.500 i n  

T" = W,/A, T, = 953 psi 

s, E: 18,616 ps i  
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Building T a n k  241-SY-101 Rev. Job  No. 
Subject  ASME Desisn and Bo1 t Enqaqement V e r i f i c a t i o n  
Or ig ina to r  S .  S .  S h i r a q a  Date 08/01/94 
Checker P. M .  Nquyen 0 Date 08/08/94 

Margin of Sa fe ty :  

Thread Length Engagement Check: 

. MS, = 18.54 

Reference 3,  page 1278, f o r  1-8UN x 4 B o l t :  

K,, - 0.86 i n  

B o l t  e f f e c t i v e  t e n s i l e  area:  

Emin  = 0.92 i n  

OK 

nth = 8/in 

A, - 0.7845 [ l  i n  - (0.9743/nth)12 

Required e f f e c t i v e  engagement l e n g t h ,  s i n c e  t e n s i l e  s t r e n g t h s  a r e  approximately 
equal : 

. 2 A ,  
Le = 

(x K-) [$ + 0 . 5 7 7 3 5  n& (Esdn - K,)] 

Le = 0.58 in  

Actual t h read  engagement: 

Bolt  l ength :  

Gasket t h i ckness :  tpask - 1/8 i n  

Flange th i ckness :  tltcf = 2.25 in  

1,[, = 4 in  

'act 'bolt - tgask - t i tcf  'act = 1.62 in  

MS,, = .1.82 OK 
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Drawing H-2-83734 Doc. No. 101-SY-LIFT-01 P a g e 2  of 6 
Building Tank 241-SY-101 Rev. 0 ' Job No. 

.Date 07/30/94 Originator S. S. Shirasa 
Checker P. M. Nquven QMm- Date 08/03/94 

. Subject Packaqe Liftinq Evaluation- ,/ 

Objectives : 

The objective of this evaluation is to determine if the structural integrity of 
the package remains intact during lifti-ng. 

11. References: . 

1. American Society of Mechanical .Engineers, "Boiler and Pressure Vessels", 

2 .  American Institute of Steel Construction, Manual of Steel Construction, 

. Section VIII, Division 2, 1989. 

Ninth Edition. 

3. ANSI N14.6, "American National Standard for Radioactive Materials Special 
Lifting Devices for Shipping Containers Weighing 10,000 lbs (4,500 kg) or 
More", 1993. 

4. WHC, Drawing No. H-2-83734., "Hydrogen Mixer Pump Storage Container". 

5. AWS, American Welding Society, AWS/ANSI D1.l, "Structural Welding Code" 

I 1  I .  Resul ts and Concl usi ons : 

The packaging cognizant engineer (S. R. Crow) has stated that the package will be 
horizontally lifted with a straight vertical lift using two cranes. Subsequently 
only a straight horizontal 1 ifting situation is evaluated. 
straight vertical lifts are not always possible, for conservatism, the lifting of 
the package is modeled as a simply supported beam with concentrated load at the 
center of gravity. To further add conservatism, the lifting is modeled as if the 
package were to be lifted by the end stiffening rings. 
acceleration loading by the lift, the g loading factor for lifting is 
incorporated from Reference 3 .  

Due to the long length of the package, the allowable material strengths for this 
evaluation, are derived from Reference 2 to insure buckling of the inner 
containment boundary or tear out of the lifting lugs do not occur. 
allowable strength on the lifting lugs were established from Reference 5, bridge 
building standards to added conservatism. 

Results of the analysis show that there are sufficient margins of safety to for 
safe lifting of the container. 
showing : 

1. 

2. Tear out of the lifting lugs will not occur. 

3. Lifting lug welds will not fail. 

Since perfectly 

To account for 

The weld 

This is demonstrated in the evaluation by 

Localized buckling of the inner containment boundary will not occur. 
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Drawing H-2-83734 Doc. No. 101-SY-LIFT-01 P a g e 2  o f  6 
Building Tank 241-SY-101 Rev. 0 Job No. 
Sub jec t  Packaqe L i f t i n q  Evaluation 
O r i g i n a t o r  S. S .  Shi raqa  A// Date 07/30/94 
Checker P. M. Nquven Q h 4 1  Date 08/03/94 

Enqineerinq Eva1 u a t i  on: 

Vield S t r eng th  o f  ma te r i a l  from Reference 1: 

sy  - 38,000 psi 

Assume c rane  components a r e  r i g i d  and s t r a i g h t  v e r t i c a l  l i f t .  

Package parameters (Reference 4) : 

OD of pipe:  odpi, - 64 i n  Wall thickness: tpipe = 0.500 i n  

ID of  p ipe :  idpipe = ''pipe - 2 ('pipe) 
2 Area : 

Moment o f  i n e r t i a :  

Outer s h e l l  c r o s s  s e c t i o n  ( t h i n  p o r t i o n ) :  

ID o f  s h e l l  : 

APi, - x (odpip - idPipe2)/4 

IPiP - x (odpip - idpipe')/64 
4 

id,,, = 5 f t  t 8 i n  Wall thickness:  tsh, = 0.3125 i n  

00 o f  shell : Od,h; = + (tshl) 

Cross s e c t i o n a l  a r ea :  Ash, - x (odsh12'- idShl2)/4 
4 Moment o f  i n e r t i a :  Ish1 E (Od,h, - 

Total  moment of s e c t i o n :  'pl ='pipe + Ish1 

Outer shell c r o s s  s e c t i o n  ( t h i c k  p o r t i o n ) :  

ID o f  shell : idsh2 = 5 f t  + 8 i n  Wall t h i ckness :  

odSh2 = id,,, + 2 (tsh2) 

tsh2 = 0.500 i n  

OD o f  shell : 
2 Cross s e c t i o n a l  a r ea :  

Moment o f  i n e r t i a :  

Ash2- = x (od,,, - idSh,2)/4 

Ish2 = x (od,,' - id,,,')/64 

Total  moment o f  s e c t i o n :  'p2 'pipe ' Ish2 

Total  Length of package excluding t o p  caps: 

Weight of loaded package with fu l l  sh i e ld ing :  

CG of c o n t a i n e r  from bottom end f l ange :  

lpa& = 626.75 i n  

WPck = 145,000 l b s  

cgFk = 31.83 f t  t 1 i n  
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Drawing H-2-83734 Doc. No. 101-SY-LIFT-01 P a g e 3  of 6 
Building Tank 241-SY-101. Rev. 0 Job No. 
Subjec t  
Or ig ina to r  S .  S .  Shiraqa //A Date 07/30/94 
Checker P. M. Nsuven PMd Date 08/03/94 * 

Packase L i  f t i n s  Eva1 ua t ion  

G loading  f a c t o r  f o r  l i f t  from (Reference 3); 

AISC al lowable de te rmina t ion  f o r  unsupported l a t e r a l  l ength ,  Reference 2: 

Limit ing Width t o  Thickness Rat io: .  

g , i f ,  = 1.5 

330,000 psi/s, = 86.84 

Width t o  th i ckness  r a t i o  of pipe: 

S ince  width t o  thickness r a t i o  exceeds s p e c i f i e d  AISC al lowables  (Reference 2 )  
no t  a compact s ec t ion .  

Therefore  AISC a1 1 owabl e bending s t r e s s  : 

OdpipJtpi, = 128 

F, = 0.60 S, F, = 22,800 psi 

Conservat ively model a s  a simply supported beam with a concent ra ted  load a t  t he  
cg. 

W 
lugs1 . 

I 
w 

lugs2 

Q I 

I I 

1 J 
Figure 1 

Load due t o ’ l i f t i n g :  W L i r t  = g t i r t  Wpeck 

Length between suppor ts  i s  assumed a s  the  length  of t he  package without top  caps: 

M,x [ w , i f t  ‘gpack (lpeck - Cgpack)I/lpack 

M,, = 2.7 x lo6 f t  l b s  
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Drawing H-2-83734 Doc. No. 101-SY-LIFT-01 P a g e 3  of 6 
Building Tank 241-SY-101 . Rev. 0 Job No. 
Subjec t  Packaae L i f t i n q  Evaluation 
Or ig ina to r  S .  S: Shi raaa  A?// Date 07/30/94 
Checker P. M .  Nauven f ! !  A/ Date 08/03/94 

Bending a t  cg o f  package: 

ub, = 12,435 psi  

Maximum shea r  loading  a t  cg: 

'1 [ " l i f t  ('pack - cgpack)l/lpack 

P, - 84,602 lbs 

T,x1 = ( 2  Pl)/*Shl 

T,,, = 2,523 psi  

Maximum t o t a l  s t r e s s :  

utotl = 14,958 ps i  ' to t1  = 'bl i- 'maxi . 
Margin o f  Safe ty :  

M S l j t t  = (FJotot,) - 1. MSlift - 0.52 OK 

Eva1 u a t e  L i f t i n g  Lug: 

J 

Figure 2 
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Drawing H-2-83734 Doc. No. 101-SY-LIFT-01 P a g e 2  of 6 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  
Or ig ina to r  S .  S.  Shi raaa  // Date 07/30/94 
Checker P .  M. Nquven ' P M d  Date 08/03/94 

Packase L i  f t  i n q  Eva1 ua t i on 

s Y l  = 36,000 ps i  Mater ia l  y i e l d  s t r e n g t h ,  (Reference 1):  

AISC shea r  a1 1 owabl e (Reference 2)  : 

F, - 0.33 sYl F, = 11,880 ps i  

Load per l i f t i n g  lug  wi th  e n t i r e  load a t  cg: 

'lugs1 ('lift Cgpack)/lpack 

'lugs2 ['Lift (lpack - Cgpack)I/lpeck 

Largest  l i f t i n g  load on lug:  

Shear t e a r o u t  of mater i  a1 : 

W,, = WlugSl/2 

Wlugsl = 132,898 l b s  

WlWS2 = 84,602 l b s  

W,, = 66,449 l b s  

Hole mater ia l - :  

Lug th ickness :  

d+ = 2.5625 i n  

tl, = 2.0  in 

Distance from edge: ahole = 4.75 in  - dh,,J2 

'teerout E wld(2 ahole 'lug) 

= 4,789 psi . ' t e a r w t  

MS,, = 1.48 OK 

Margin of  Safe ty :  

''tug F J T t e a r w t  - 1  

Weld eva lua t ion :  

Weld s i z e :  

For conservat ism assume welds on f r o n t  s i d e  only and loaded i n  shear .  

Length o f  welds per  s i d e :  

AWS al lowable f o r  welds i n  shear  (Reference 5 ) :  F, = 0.4 s y t  

Assuming f i l l e t  weld t h r o a t  a r e  of 1 inch of weld a t  45': 

w, - 0.75 in  

1, = 1 f t  t 2.625 in  

At = 0.707 W, 

Allowable load per  inch o f  weld: 

f" = F, A, f, = 7,636 l b s / in  

B6-66 

F, = 14,400 psi 



WHC-SD-TP-SEP-026 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-LIFT-01 P a g e d  of  6 
Building Tank 241-SY-101 Rev. 0 Job  No. 
Subjec t  Packaqe Liftins Eva1 ua t ion  
O r i g i n a t o r  S. S. S h i r a s a  fi/ Date 07/30/94 
Checker P. M. Nauven fkn Af Date 08/03/94 

I 

Load .on welds : 

f ,  = W , J V  1,) 

Margin o f  Safe ty :  

MS, ( f J f , )  - 1 

f ,  = 2,272 l b s / i n  

MS, = 2.36 

B6-67 
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Drawing H-2-83734 Doc. No. 101-SY-PEN-01 PageJ of -3- 
Building Tank 241-SY-101 ' . Rev. 0 Job No. 

1 4  Date 07/26/94 
Subject Penetrati0.n Evaluation , 
Originator S. S. Shiraqa 
Checker M. 0. Clements .'&f.d /yh~A.r)Gk Date 07/30/94 

Object i ves : 

The objective of this evaluation is to determine the ability o f  the HMMP package 
to withstand the stress induced by the dropping of a 13 7bs steel bar onto the 
packaging as required by Reference 1 and 2 .  

References: 

1. 

2. 

3 .  

4. 

5. 

US-NRC, 10 CFR Part 71, "Packaging and Transportation of Radioactive 
Materials". 

WHC-SO-TP-PDC-019, Rev. 0, "Packaging Design Criteria Transfer and Disposal 
of Hydrogen Mitigation Mixer Pump". 

WHC Drawing No. H-2-83734. 

"Structures to Resist the Effects of Accidental Explosion-Department of the 
Army, Navy, and Air Force", PM 5-1300 June 1969. 

"Fundamentals o f  Protective Design", US Army Corp of Engineers (1943). 

I I I. Resul ts and Concl usi ons : 

The penetration evaluation is performed for the thinnest outer shield retaining 
shell of the package. As required by Reference 1 and 2, this has been determined 
as the weakest exp-osed part of the package. 

The evaluation is based on empirical projectile penetration data provided in 
References 4 and 5. 
resists penetration by 13 lbs projectile falling onto it from a height of 40 
inches. 
package design is adequate in meeting the requirements of Reference 1 and 2. 

' 

The analysis shows the thinnest section of the package 

The calculated margin of safey is 0.92 or 92%. It is concluded that the 
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Drawing H-2-83734 Doc. No. 101-SY-PEN-01 Page2 of 3 
Building Tank 241-SY-101. Rev. 0 Job No. 
Subject Penetration Eva1 uati on 
Originator S. S. Shiraqa Date 07/26/94 

Date 07130194 Checker M. 0. Clements 

IV. Enqineerinq Evaluation: 

/ 

Figure 1 

Diameter of projectile (Reference 1) :  

Height of projectile fall (Reference 1): 

Mass of projectile (Reference 1): 

Outer shell thickness (thinnest section): t,, = 0.3125 inch 

Velocity of free fa1 1 : 

d = 1.25 inches 

h = 40 inches 

wP = 13 lbs 

vp = m 

vp = 14.65 ft/sec 
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Drawing H-2-83734 Doc. No. 101-SY-PEN-01 P a g e 2  of 3 

Subject Penetration Eva1 uation 
Originator S. S. Shiracla Date 07/26/94 
Checker M. D. Clements Date 07/30/94 

Building Tank 241-SY-101 Rev. ' 0  . Job NO. 

. Penetration distance into reinforced concrete (Reference 4) : 

5 . 4 2 3  Wp 

10' l b s / i n c h  - ( inch)  
s,, = d 1.8 

s,,, = 0.168 inch 

The penetration distance calculated above is the penetration into reinforced 
concrete, this can be translated into the perforation limit for steel according 
to Reference 5, by the following equation: 

1.216 s,,, + 1.0 d 
&pen = 12 

tpen = 0.163 inch 

Margin of Safety: 

MS,, = 0.92 Therefore OK 
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Building Tank 241-SY-101 Rev. 0 '  Job No. 
Subject Low Temperature Brittle Fracture Eva1 uation 
Originator S. S. Shiraqa ./.*//d-- 2 Date 07/27/94 
Checker M. D. Clements .Ad -//h~.%f Date 07/31/94 

Objectives : 

The objective o f  this evaluation is to verify that the containment materials used 
in the fabrication of the disposal packaging meets the brittle fracture 
requirements of Reference 2 at the design temperature range of -10°F to 115°F in 
order to satisfy the requirements of Reference 1. 

References: 

1. WHC-SD-TP-PDC-019, Rev. 0, "Packaging Design Criteria Transfer and Disposal 
of Hydrogen Mitigation Mixer Pump". 

2. ASME, American Society' of Mechanical Engineers, Boiler and Pressure 
Vessels, Section VIII, Division 1, 1989. 

J. WHC Drawing No. H-2-83734, "Hydrogen Mixer Pump Storage Container". 

111. Results and Conclusions: 

The results of this evaluation shows that major portions of the packaging 
containment boundary materials used in the the design do not meet all the 
requirements for extreme low temperature service identified in Reference 2. 
Specifically the primary containment flanges have nominal thickness in excess o f  
1.75 inch, which is the limiting exemption thickness at the operating temperature 
of -10°F. By Reference 2, this would require impact testing of the material to 
insure safe operation. However, an essential component of low temperature 
brittle fracture is stress. 
the primary containment piping and Inner Top Cap Flange bolts are under load. 
These component. are well within the requirements for exemption from impact 
testing. 
loads, this would allow the flanges to exceed the thickness limits specified in 
Reference 2, without impact testing of the material. However, it is imperative 
that the Safety Evalution for Packaging (SEP) states that no movement or handling 
of the container or application of any external load is allowed for temperatures 
below O"F, as a safety precaution. Also, since the contents of the packaging may 
,generate hydrogen gas, the package must be vented to prevent pressurization at 
extreme low temperatures, t o  prevent significant loading of the flanges. 

When not in use and with no internal pressure only 

And since the containment flanges would not be under any significant 

, 
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Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Low Temperature Brittle Fracture Evaluation 
Originator S. S. Shiraqa Date 07/27/94 

Date 07/31/94 

Enqineerinq Eva1 uati on: 

Containment component materials of construction (Reference 3): 

1) Inner Top Cap 1 inch bolts: ASTM-A 307, Grade 6 

2) Containment and shielding piping 0.500 and 0.3125 inch thick: 
ASTM-A 516, Grade 70 (Normalized) 

3) Inner Top Cap Material, (thickest) 2 . 2 5  inch: ASTM-A 516, Grade 70 
(Normal i zed) 

4) Inner Hub Flange, 2.25 inch thick: ASTM-A 516, Grade 70 (Normalized) 

5) Bottom Outer End Flange, 2 inch thick: 

Section UG-20 Design Temperatures (Reference 2, page -20), states that the 
requirements for exemption from Impact Testing are: 

ASTM-A 516, Grade 70 (Normalized) 

. 

Paragraph'(l)(b): Nominal thickness for noted materials in Curve D o f  
Figure UCS-66. 

Paragraph ( 2 ) :  . Hydrostatic testing, since package primary contaiment is 
not under pressure, none required. Outer shell is decay 
pressure tested. 

' 

I 
Paragraph (3): Design temperatures no warmer than 650°F nor colder than 

-20°F. 
are -10°F and 115°F. 

Design temperatures as specified in Reference 1 

Paragraph (4): No shock or mechanical loading at low temperatures 
extreme. 

Paragraph ( 5 ) :  Since one way transport a.nd no movement at extreme low 
temperatures, no cyclic loads. 

Based on containment boundary material thicknesses and data from Curve D of 
Figure UCS-66, operation or use o f  the packaging under temperatures less than 0 O . F  
'requires that the material be impact tested per the requirements of Reference 2. 
The flange thickness specified would require impact testing of the material at 
the low temperature specified in Reference 1. 

Components which are normally under constant load, whether in use or not, are: 
the bolts, containment piping and shielding shells. From th'e data on.Figure UCS- 

temperatures of -4O'F without the requirement for impact testing. 
Cap containment bolts, from the notes on page 172 of Reference 2, are exempt from 

'66, the containment piping and shielding shells are capable for use to 
The Inner Top 
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Building Tank 241,-SY-101 ' Rev. 0 Job No. 
Subject Low Temoerature Brittle Fracture Eva1 uation 
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impact testing to -20°F. 
requirement stated in Reference 1. 

Curve From UCS-66: 

Both these temperatures are below the low temperature 
Therefore' OK. 
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0 bject i ves : 

The o b j e c t i v e  of this v i b r a t  
by peak shock loading  dur ing  
SY package. 

I I. References : 

111. 

1. 

2. 

3. 

4 .  

5. 

on eva lua t  
peak shock 

on i s  t o  determine the s t r e s s e s  induced 
loading dur ing  t r a n s p o r t a t i o n  of t h e  101- 

ANSI 14.23, "Draf t  American National Standard Design Basis  f o r  Resis tance 
t o  Shock and Vibra t ion  of Radioact ive Mater ia l  Packages Grea ter  than One 
Ton i n  Truck Transpor t" ,  1987. 

ASME, American Soc ie ty  of Mechanical Engineers,  Bo i l e r  and Pressure 
Vessels, Sec t ion  VII I ,  Divis ion 2 ,  1989. 

I n d u s t r i a l  Press, Machinerv's Handbook, 20th Edi t ion .  

WHC, Draw'ing No. H-2-83734, "Hydrogen Mixer Pump S torage  Container" .  

C h u r c h ,  A .  H . ,  Mechanical Vibra t ions ,  2nd Edi t ion .  

Results and Concl usions:  

Both the v e r t i c a l  and longi tudina l  peak shock loads  a r e  taken from da ta  developed 
i n  Reference 1. (S ince  t h i s  i s  a one-time t r a n s f e r  c y c l i c  f a t i g u e  s t r e s s e s  a r e  
not  eva lua ted . )  The v e r t i c a l  and longi tudina l  shock loadings  a r e  modeled in  
three s e c t i o n s  based on t h e  method of  tie-down. 
modeled i n  two cases  with clamped and f ixed  boundary cond i t ions  a t  each end and 
one a s  a can t i l eve red  sec t ion .  The maximum t o t a l  s t r e s s  i n  a l l  cases  occurred a t  
the tied-down s t i f f e n e r  r ings .  
l ong i tud ina l  d i r e c t i o n s  a r e  eva lua ted ,  s ince  the package i s  r a d i a l l y  symmetrical 
and i n  the l a t e r a l  d i r e c t i o n ,  loading  i s  l e s s  than f o r  v e r t i c a l  loading.  For 
conservat ism t h e  peak shock load s t r e s s e s .  were combined with ex te rna l  pressure  
reduct ion  s t r e s s e s .  

The r e s u l t s  show t h a t  a l l  stresses a r e  well under the mater ia l  s t r eng th  
a1 1 owabl e s  e s t ab l  i shed  i n  Reference 2.  
adequate t o  withstand the combined e f f e c t s  of peak shock loads  induced during 
t r a n s p o r t  as  cha rac t e r i zed  in  Reference 1 and ex terna l  p re s su re  reduct ion .  

The package r e s t r a i n t s  a r e  

For th i s  eva lua t ion  only t h e  v e r t i c a l  and 

Consequently, t h e  package design i s 
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IV. Enuineerinu Evaluation: 

Transportation Peak Vertical Shock Loadinq on 101 SY: 

Since the package is restrained by the strongback and tie-downs at the supports, 
the system can be modeled as a series of clamped and fixed beams between the 
supports and as cantilevered sections on the outside. With the sections clamped 
and fixed, each unit is assumed to be independent of the other. 
section is loaded with a pulsing sinusoidal force, acting at the center of the 
clamped and fixed sections and at the ends on the cantilevered section. 
the package sections are of uniform sections, by assuming the weight is uniformly 
'smeared over the length of the section. 
homogeneous, isotropic and obey Hooke's law. 

Assume that each 

Assume 

Assume that all materials are 

The peak shock load is taken from data developed in Reference 1. 
vertical shock load was loaded as: 

9, = 3.5 at 0 = 4x/sec for a duration o'f TP = 21/21 

Container Parameters: 

The peak 

Material Modulus at 115'F . E c s t l  = 29.1 x lo6 p s i  

Pipe OD: dp, = 64 in Pipe thickness: t, = 0.500 in 

Pipe ID: dpi, = dp, - 2t, 
Assume all outer skin dimensions are the same: 

Skin ID: id,, = 5 ft t 8 in Skin thickness: t,, = 0.3125 in 

Skin OD: odSk = id,, t Zt,, 

Total Area: 

Ap = x + x  

Total moment of inertia: 

B6-78 



WHC-SD-TP-SEP-026 

X I  

I -  l b  - 
Between I n t e r m e d i a t e  S u p p o r t s  

Rev. 0 

. 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-VIB-01 P a g e 3  of 24 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Vibra t ion  Evaluation (Induced by Peak Shock Loadinql 
Or ig ina to r  S. S. Shi raqa  Date 07/31/94 
Checker H. E. Adkins J r .  f Date 09/14/94 

4 dp5 - dpid od,/ - 
64 64 

Ip = x 

Package Empty fu l l  sh i e lded  weight: 

Weight of  t op  caps: W,, = 2,400 l b s  

Weight.of package without  top caps: 

Package payload: 

Length of  con ta ine r  without  top  cap: 

W, = 20,000 l b s  

Total  weight of package: 

Load per  u n i t  l eng th :  

Wpack = w c m  + w, 
Wcon = Wpack/Lcul 

Pul sa t ing  s inusoida l  force :  

Where 1 i s  def ined a s  t h e  length o f  t h e  sec t ion .  

F, = g ps w con l s i n  (21 t )  

= 130,000 1 bs 
w P c  

wc, = Wpac - wtc 

L,, = 626.75 i n  

WPck = 147,600 l b s  

At End SuuDorts  
Figure 1 
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Response equat ions  f o r  the clamped and f ixed  s e c t i o n s  on . s t rongback:  

Length of s e c t i o n  between supports :  

Locat i on of  f i rst. suppor t :  

l,, = - inches 
2 

Locat ion of  second suppor t :  

(24 ft + 9.750 i n )  - ( 2 4  ft + 0.25 in) l,, = (24 ft + 0.25 i n )  + 
2 

1, = 24.01 f t  1, = 152 - Is ,  

Location where beam t o  be eva lua ted :  x = 1, 

Assume when t he  beam v i b r a t e s  v e r t i c a l l y  in  one o f  i t s  na tu ra l  modes, t he  
d e f l e c t i o n  a t  any l o c a t i o n  v a r i e s  harmonically w i t h  time as:  

y = X(A c o s ( Q t )  + Bsin (Qt ) )  

The genera l  p a r t i a l  d i f f e r e n t i a l  equat ion f o r  f r e e  v i b r a t i o n  then becomes: 

d4X/dX4 - (k)'X = 0 

The genera l  s o l u t i o n  f o r  the normal func t ion  of  d e f l e c t i o n  then becomes: 

X = C,(cos(kx) + cosh(kx) t C,(cos(kx) - cosh(kx))  + C,(sin(kx) + s inh(kx)  
t C,(sin(kx) - s inh (kx) )  

The boundary cond i t ions  f o r  a clamped and f ixed  beam a re :  

A t x = O :  X = o  and dX/dx = 0 

A t  x = 1,; X = 0 and dX/dx = 0 

dX/d = C ( - s in (kx)k  t s inh(kx)k)  + C,(-sin(kx)k - s inh(kx)k)  t C,(cos(kx)k t 
cosh1kx)k) t C,(cos(kx)k - cosh(kx)k)  

X = C,(cos(kx) - cosh(kx))  + C,(sin(kx) - sinh(kx.))  

dX/d, = C,(-sin(kx)k - s inh(kx)k)  t C,(cos(kx)k - cosh(kx)k)  
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/ 

From x = 0: 

So t h a t :  

From x = 1,: 

c, = c, = 0 

C,(cos(kl,) - cosh(k1,)) + Ci(sin(k1,) - sinh(k1,))  = 0 

C,(sin(kl,) + sinh(k1,)) + C,(-cos(k1,) + cosh(k1,)) = 0 

A s o l u t i o n  f o r  the c o n s t a n t s  C, and C, a r e  only obtained i n  the case where t h e  
determinant  of t h e  above equat ions equal zero.  From the determinant :  

cos(kl , ) (cosh(kl , ) )  = 1 

The non-zero r o o t s  o f  t h e  above equat ion i s  approximated by: 

(i + +) x 
k, = 

'b 

The normal func t ion  becomes : 

Xi = cosh(k,x) - cos(kix)  - a i ( s i n h ( k i x )  - s i n ( k , x ) )  

Where ai i s  def ined as: - 

The response f o r  a s t eady  s t a t e  forced v i b r a t i o n  o f  a clamped and f ixed beam i s :  
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Bui ld ing  Tank 241-SY-101 Rev. - 0  

Where XLOd i s  de f ined  a s  t h e  normal f u n c t i o n  a t  t h e  load .  

xlmdi=cos(k, +) - cos(k, +) - a, (sinh(k, +) - sin.(k, +)) 

Since :  M = Ecstl I, d2y/dX2 

Xi = cosh(k ,x)  - cos(k ix)  - a i ( s i n h ( k i x )  - s i n ( k , x ) )  

d2Xi/dx2 = X", = (k i )2[cosh(k ix)  + cos (k ix )  - a i ( s i n h ( k i x )  t s i n ( k , x ) ) ]  

d3Xi/dx3 = X ' " i  = - (k i )3 ( - s inh (k .x )  t s i n ( k i x )  + a icosh (k ix )  
t a icos (k ix ) \  

Determine stress, d e f l e c t i o n  and s h e a r  load  f o r  t h e  f i r s t  5 modes a t  x = 1, f o r  
one f u l l  per iod .  

i = 1 . . 5  

N a t u r a1 Frequency : 
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Frequency r a t i o :  

Normal 'function c o e f f  i ci ent: 

Normal funcation a t  l oad:  

Normal func t ion  o f  the sec t ion :  

Xi = (cosh(k,x)  - cos (k ix ) )  - ai(si .nh(kix) - s in (k ,x ) )  

Evaluat ion time i n t e r v a l s :  n - 0 .. 8 t, = n/8 T, 

Pul sa t ing  func t ion  magnitude: F" = .gpS w,, 1, 

D.e f 1 ec t i on : 

Moment normal func t ion :  

X" ,  = (k,)'[cosh(k,x) + cos (k,x) - a , ( s inh(k ,x)  + s i n ( k , x ) ) ]  
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Bending stress: 

Shear  'normal func t ion:  

X ' " ,  - - (k i )3( -s inh(k ix)  + s in(k ,x)  + o,(cosh(k,x)  + cos(k ,x) )  

Shear  load:  

Maximum shea r  s t r e s s :  

= 2 VJA, 'shmax 

Total  stress: 

'btot = 'b 'shmex 
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- 9,470 ps,i Maximum stress: . Omaxbt - 
ASME Maximum a l lowable  from ASME d a t a  of  ASTM A-516: 

Pressure reduct ion  stress i n  pipe: 
- Tota l  stress on pipe:  a,,, - (I,,bt + Stat 

stat = 1,058 ps i  

sa = 23,270 psi 

omX1 = 10,528 psi 

Margin o f  Safe ty :  

MS,, = 1.21 OK = (SJ'Jmaxl) - 1 

Response equat ions  f o r  t h e  clamped and. f i xed  s e c t i o n s  from strongback:  

Length o f  s e c t i o n  between supports :  

Length t o  t r a i l e r  suppor t :  l,, = 51 f t  +.2.750 i n  

l,, = 26.81 f t  '1, = ' ~ 3  - 's.2 

Location where beam t o  be evaluated:  X I  = l,, 

Determine ldading  using same methodology a s  above. 

Determine stress, d e f l e c t i o n  and s h e a r  load f o r  t he  f i r s t  5 modes a t  XI = I,, f o r  
one full per iod .  

Natural frequency: 

Frequency r a t i o :  
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Normal f unct i on coef f i c i.en t : 

Normal function at load: 

Normal function of the section: 

X l i  = (cosh(k1,xl) - cos(klixl)) - al,(sinh(kl,xl) - sin(k1,xl)) 

Pulsating function magnitude: F1, = gps wCm l,, 

Deflection: 

Moment normal function : ' 

Xl"i = (kl,)*[cosh(kl,xl) + cos(klixl) - al,(sinh(kl,xl) + sin(kl,xl))] 

Bending stress: 

\ 

Shear normal function: 

Xl"'.i = -(kli)3(sinh(klixl) t sin(k1,xl) t al,cosh(kl,xl) t alicos(klixl)) 
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Shear load: 

Maximum shear stress : 

%hmX = 2 VldA, 

Total stress: 

"btot = "b + rlshmx 

Maximum stress: umxblt = 11,713 psi 
- Total Pressure on pipe: 'mx2 - 'mxb l t  ' ' t o t  

Margin o f  Safety: 

MSK ( s J u m d >  - MSK = 0.82 

umX2 = 12,771 psi 

OK 

Response equations for the cantilevered sections: 

Using the same method as above determine the response of the long cdntilevered 
sect i on. 
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Length o f  t o p  cap: ltcap = (2 f t  + 1.875 i n )  + 0.375 i n  + 2.25 i n  

Length of  s e c t i o n  between suppor ts :  

Length from suppor t  t o  t op  end f lange:  

l,, = (52 f t  + 0.750 i n )  - ( 5 1  f t  t 2.750 i n )  

1, = l,, + 1 i n  + ltcap 

Locat ion where beam t o  be eva lua ted :  

Addit ional  weight due t o  top  cap: 

wcm1 5 WccJLcon -+ ‘ccsdltcap 

x, = 0 i n  

Wecap = we, 

Determine s t r e s s  and d e f l e c t i o n  f o r  t he  f i r s t  5 modes a t  x’= 0 f o r  one f u l l  
per iod .  

Natural Frequency: 

Frequency r a t i o :  

Normal func t ion  c o e f f i c i e n t  : 

Normal func t ion  a t  load:  

L Y a d  = (cosh(k,l,) - cos(kc lc) )  - ac(sinh(k, lc)  - sin(k, l , ) )  
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Normal func t ion  of  t h e  sec t ion :  

X, = (cosh(k,x,) - cos(k,x,)) - a,(sinh(k,x,) - sin(k,x,)) 

. Pul sa t ing  func t ion  magnitude: F”, = g, Wcm1 1, 

Deflec t ion :  

Normal func t ion  of  bending stress: 

X“, - (k,)*[cosh(k,x,) + cos(k,x,) - a,(sinh(k,x,) + sin(k,x,))] 

Bending s t r e s s :  

Normal func t ion  o f  s h e a r  load:  

X”’, - (k,)3[sinh(k,x,) - sin(k,x,) - a,(cosh(k,x,) t cos(k,x,))] 

Shear  l’oad : 

Maximum shea r  stress: ‘cshmex = 2 “CdA,  

Total  stress: ‘Ictot = ‘Ib - ‘cshrrrax 
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~ ~~ ~ 

tJsec y,/ i n arh/psi T,-J p s i a,,,,/psi 
I I I I 

Maximum stress:  amaxct i 2 , 2 2 1  psi 

Tota l  s tress on pipe: 

Margin of  Safe ty :  

MS,, = (SJO,,) - 1 

- 
amx3 - amaxct + s t o t  

. MS,, 6.1 OK 

amX3 = 3,279 psi 
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4 

TransDortat ion l o n s i t u d i n a l  Deak shock l o a d i n s  on IOISY: 

Model a s  ind iv idua l  clamped and f ixed  beams between t h e  suppor ts  and as  a 
c a n t i l e v e r  a t  the ends.  
span on the clamped and f ixed  beams and on t h e  ends f o r  the . c a n t i 1  ever .  

Assume t h a t  load i s  pu l sa t ing  s inuso ida l  fo rce  a t  mid 

* Y  
L l b  4 

Between I n t e r m e d i a t e  . S u p p o r t s  

Y 
I 

A t  End SuDDorts 
Figure 2 

The peak shock load i s  taken from d a t a  developed i n  t h e  ANSI 14.23 draTt .  
peak v e r t i c a l  shock load was def ined  as:  

Qpsl - 2.3 a t  B = (4x)/sec f o r  a du ra t ion  of  T, = (2x)/t, 

Container  Parameters,  Reference 4: 

Material  Modulus of 115'F: ECstl: 29.1 x lo6 psi 

Density of carbon steel (Reference 3, pg. 2269): ' pest,: 0.2835 lbs/in3 

The 
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Acoustic velocity in carbon steel : 

g E C S C l  acscl = 16,589 ft sec-' acrrc1 - - J  Pcsc l  

Pipe OD: dp, = 64 in Pipe thickness: t, = 0.500 in 

Pipe ID: dp,, = dp, - 2 t, 
2 Cross sectional area of pipe: A, = ddP, - dP,,)/4 

Pipe cross sectional moment of inertia: 

Weight of top caps: Wt, - 2,400 lbs 
Package empty fully shielded weight: 

Weight of package without top caps: Wcm 'pa, - Wtc 

Contai ner pay1 oad : 

I, = X(dpd4 - dp,:)/64 

Wpac = 130,000 1 bs 

W, = 20,000 lbs 

Length of container without top caps: L,, = 626.75 in 

Total weight of container: 

Load per unit length: 

Pulsating sinusoidal force: ' 

Where 1 is defined as the length of  the section. 

Differential Eauation of motion for lonqitudinal vibration: 

Wpck = Wc, t WF WpaCk = 147,600 lbs 

W,, - Wpck/Lc, 
F, = gpL w,, 1 sin(& t) 

d 2 u - 2  d 2 u  - acrrc1 - 
d t2 d x2 

Where u is defined as the displacement of  the cross section. 

B6-92 



WHC-SD-TP-S EP- 02 6 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 ' Doc. NO. 101-SY-VIB-01 P a g e 2  of 24 
Building Tank 241-SY-101 Rev. 0 Job No. 
.Subject Vibration Evaluation (Induced bv Peak Shock Loadinql 
Originator S. S. Shirasa Date 07/31/94 
Checker- H. E. Adkins Jr. Date 09/14/94 

/ -  

General .solution is given as: 

u(x, t) = ( A  cos (n t) + E sin (n t) 1 
n 

Where A, 6, C, and D are constants to be determined by the boundary and initial 
conditions. P is defined as the natural frequency. It i s  assumed that all 
materials are homogenous, isotropic, and obey Hooke's law. 

Derivation of normal function for clamoed and fixed section: s 

Since the beam is assumed to be clamped and fixed, the displacement is equal to 
zero at the ends. 
into the above equation: 

The boundary conditions are U~,~=U~,,=O. Substituting these 

Uxmo = f(t) 
n 

Where f(t) is defined as time dependent function. 

Then C=O and: 

Then : sin[(Pl)/a] = 0 and 

Therefore the normal function then becomes: 

X(X)  = D sin[(n x x)jii 

Clamoed and fixed suooorted section between stronqback: 

Length of section between supports: 
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Location of first support: 

1 ’ = 9.75 inches 
SI - 2  

Location o f  second support: 

(24  ft + 9.750 i n )  - ( 2 4  ft + 0.25 in) 
2 = (24  ft + 0 . 2 5  i n )  + 

1, = 24.01 ft 

Evaluation time intervals: j = 0..8 tj = j/8(Tp) 

x, = 1, Location o f  evaluation: 

Odd number node locations: n = 1. .5 i n  = 2n - i 

F ,  = 124,580 lbs Magnitude of pulsating force: ’ F ,  = Qpsl  Wcon ’b 

Solve for time dependent function for forced vibration: 

Since any displacement can be obtained by superposition o f  corresponding 
displacements to the normal modes of vibration, vibration by a disturbing force 
can be represented by a series: 

Where $ is an unknown function of time. 

By virtual work: bu =.X(x) = D sin(nxx/l) 

Since the mass of an element between adjacent cross sections of the‘bar is pAp 
dx, the virtual work done by the inertial force on the virtual displacement is: 
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S u b s t i t u t i n g  f o r  u w i t h  the series: 

-P A, 1 d2 $ 
2 .d t2 

bw, = 

Vir tua l  work produced by t h e  e l a s t i c  f o r c e  i s :  

By s u b s t i t u t i n g  i n  f o r  the above s e r i e s :  

V i r tua l  work of t h e  d i s t u r b i n g  f o r c e  where: x = 1/2 

f - 1  - 
bWP = F ( t )  D s ~  n(y) = F(t) D (-1) * 

Second term i s  a Four i e r  S e r i e s  form. 

Summing the above e x p r e s s i o m g i v e s  the t o t a l  v i r t u a l  work: 

1, - 1 
2 (-1) F, sin(o t) 

- 
+ a  d2 - 

d t2 [ (f$12 Ilr = pcscl A, 1, 

The n a t u r a l  frequency i s  def ined as:  

B6-95 



WHC-SD-TP-SEP-026 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-VIB-01 P a g e 2  of  24 
Building Tank 241-SY-101 Rev. 0 Job  No. 
Sub jec t  Vibra t ion  Evaluat ion (Induced bv Peak Shock Loadinq) 
O r i g i n a t o r  S .  S .  Shi raqa  Date 07/31/94 
Checker H .  E. Adkins Jr .  Date 09/14/94 

Using Duhamel i n t e g r a l  (Reference 5 ,  page 43): 

D e f l  e c t  i on : 

I f  du/dx i s  def ined  a s  t he  s t r a i n ,  t h e n  by Hooke's Law, ax ia l  s t ress  = E du/dx. 

Axial stress: -8 
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0 0 

0 588 

0.125 ' 

0.188 

0.25 

0.313 

0.375 

0.438 
0.5 

0 855 

0 470 
0 4 
0. -521 

0 73 1 
0 -509 

0 7 

Maximum axial stress at stiffener ring interface: 

olmX = 855 psi 

Pressure reduction stress in pipe: 

Total stress on pipe: olhxl = ulhx t scot 

ASME allowable from previous date: 

Margin of Safety: 

scot = 1,085 psi 

olhXl = 1,913 psi 

sa  = 23,270 psi 

MS,, = ( S b / O 1 t m 3 , , )  - 1 MS,, = 11.16 

C1 amed and fixed suworted section outside of stronqback: 

Length of section between supports: 

Length to trailer support: 

11, - 1, - l,, 

1, = 51 ft t 2.750 in 

11, = 26.81 ft 

Location of evaluation: X I ,  = 11, 

Magnitude of pulsating force: F1, = gp1 'c, l l b  F1, = 174,276 lbs 

The natural frequency is defined as: nli = acstl)/llb 

OK 
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0 - 588 

0 -857 

0 655 

Using the same logic as above: 

0.25 

0.313 

0.375 

0.438 

0.5 

Defl ecti on : 

0 6 

0 628 

0 -918 

0 553 

0 6 

Axial stress: 

. .  
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ul,,, = 1,976 psi 

MS,,,, = 10.78 OK' 

Maximum axial stress at stiffener rings: 

olhX - 918 psi 

Total stress on pipe: ulmx, 

Margin of Safety: 

' MS,,,, = (sJol,,t) - 1 

Cantilevered section: 

Length of top cap: 

Length from support to top end flange: 

l,, = (2 ft + 1.875 in) + 0.375 in + 2.25 in 

l,, = (52 ft + 0.750.in) . -  (51 ft + 2.750 in) 

Length o f  cantilevered section: 

Location.of evaluation: xc = o i n  

Add in additional length and weight o f  top hat: What = Wtc 

Assume additional weight distributed along axis: 

Magnitude of pulsating force: F,, = gpsl w,,, 1, 

1, = ls, t l t c  t 1 in 

wCm, = w,, t (What/ltc) 
F,, = 29,046 Ibs 

The natural frequency is defined as: Qc,j, = (in * acst1)/(21c) 
From the same logic as above, the response equation becomes: 

Deflect ion: 

, 
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Axial stress: 

Maximum a x i a l  stress a t  s t i f fener  r ing :  

ow, = 77 psi 

Tota l  stress on pipe:  omxt = om, + stat 

Margin o f  Safe ty :  

. 0,Xt = 1,135 ps i  

MS-, = '19.5 OK 
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. .  

0 b j  ecti ves  : 

The o b j e c t i v e  of this eva lua t ion  i s  t o  a s ses s  t h e  a b i l i t y  of t h e  lOlSY packaging 
wi thout  sh i e ld ing  t o  maintain l e a k  t i g h t n e s s  and s t r u c t u r a l  i n t e g r i t y  a f t e r  a 1 
f o o t  f l a t  drop onto  a hor izonta l  12 thick concre te  su r face  (References 1 and 2 ) .  
Maintenance of l e a k  t i g h t n e s s  and s t r u c t u r a l  i n t e g r i t y  a f t e r  a 1 foo t  drop i s  
demonstrated by confirming t h e  s t r e s s e s  i n  c r i t i c a l  components and a t  c r i t i c a l  
l o c a t i o n s  of the package a r e  adequately below t h e  values  e s t a b l i s h e d  in  Reference 
8 . .  
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//A 

I I I ,  Results and Concl usi ons : 

This  engineer ing  eva lua t ion  i s  based upon c l a s s i c a l  methods, which models the 
dynamic loads  of impact a s  s t a t i c  equiva len ts .  
assumption t h a t  the t ime of loading i s  long as compared t o  the na tu ra l  per iod of 
t h e  package. 
ma te r i a l .  

As s t a t e d  in t h e  G 1 oadi ng de te rmina t ion  cal cul a t i  ons,  a1 t e r n a t e  cri t e r i  a were 
developed t o  eva lua te  package i n t e g r i t y  i n  Reference 1. 
based upon Reference 6 ,  the drop G loading is  developed t o  determine the 
equ iva len t  s t a t i c  loadings  t o  be appl ied  t o  the package. To i n s u r e  adequate 
conserva t  i sm, a1 1 containment boundary a1 1 owabl es a r e  based on t h e  a1 1 owabl e 
s t r e n g t h  c r i t e r i a  e s t a b l i s h e d  i n  Reference 8. Allowables f o r  o t h e r  c r i t i c a l  non- 
containment boundary components a r e  base on e i t h e r  References 3 o r  10 al lowables .  

The results show t h a t  with t h e  new G loadings ,  f o r  an uns’hielded package, a l l  t he  
components; m a t e r i a l s  and welds have adequate margins o f  s a f e t y  t o  insure  t h a t  
t he  package wi l l  no t  l o s s  containment in  the  event  of a 1 foo t  drop.  
b o l t  margins a r e  adequate based on Reference 2 a l lowables ,  t o  s t a t e  with 
confidence t h a t  a f t e r  a 1 foo t  drop t h e  package wi l l  not  l e a k  o r  expose any 
por t ion  of  t he  payload t o  the  envi rons .  
s h i e l d  i n t e g r i t y  w i l l  be maintained a f t e r  a drop. This i s  i nd ica t ed  by t h e  
a n a l y s i s  which shows the t h i n n e s t  s ec t ion  of the Outer Shel l  has s u f f i c i e n t  
s t r e n g t h  t o  maintain s t r u c t u r a l  i n t e g r i t y  a f t e r  a drop. 

An a n a l y s i s  on t h e  s t r u c t u r a l  c a p a b i l i t y  of t h e  Outer Top Cap was not performed, 
s i n c e  t h i s  not  considered a t r a n s p o r t a t i o n  containment boundary. However, from 
the  conf igura t ion  a s  depic ted  i n  Reference 5 ,  i t  i s  assumed t h a t  a f t e r  a drop t h e  
Outer Top Cap will no t  maintain s t r u c t u r a l  i n t e g r i t y  o r  confinement and will 
r e q u i r e  r e p a i r  p r i o r  t o  use. 

The c a l c u l a t i o n s  a r e  based on the  

The c a l c u l a t i o n s  a r e  a l s o  based on e l a s t i c  behavior  of t he  

Under these new c r i t e r i a  

Flange and 

The s t r u c t u r a l  eva lua t ion  a l s o  show t h a t  
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IV. Enqineerinq Evaluation: 

As per the PDC (References 1 and 2 ) ,  assume a p e r f e c t l y  f l a t  hor izonta l  drop onto 
a conc re t e  a s  s p e c i f i e d . i n  the References 1 and 2. Assume t h e  package impacts on 
a l l  s t i f fener  r i n g s  and e x t e r i o r  f l anges  s imultaneously.  
non-shielded loaded con ta ine r .  

This  a n a l y s i s  models a 

Model drop loading a s  a beam with mul t ip l e  suppor ts  using t h e  t h r e e  moment 
theorem i n  AISC, Reference 3 .  
payload and r i n g s ,  a s  shown i n  F igure  1. 
concent ra ted  load wi th  loading  a t  the  c e n t e r  of  g r a v i t y  and t h e  r i n g s  a r e  modeled 
a s  concent ra ted  loads  a t  t h e  suppor ts .  

Assume package i s  uniformly loaded,  except f o r  
The payload i s  modeled a s  a 

~~ 

W 

a b c d e f g h i j k l m n o p q r s t u v w x y  
1 2 3 4 5 6 7 8 9 10 1 1 1 2 1 3  14 15 16 17 18 19 20 2 1 2 2 2 3 2 4  

Figure 1 

Dimensional parameters Reference 5: 

Inner  containment pipe:  

Wall th ickness :  OD: odpip = 64 i n  

ID: 

Length of  pipe: 

Outer s h e l l  t h i n  sec t ion :  

idp ip  = odpi, - 2 tpip 
lp ip  = 52 f t  t 0.75 in  

tPi, = 0.500 in  

ID: idshell = 5 f t  t 8 i n  

OD: O d s  11 = idshell  t s h e l l l  
Outer sheyi thick sec t ion :  

Wall th ickness :  tsheLll = 0.3125 in  

Wall th ickness :  tshellZ = 0.5 i n  
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OD: odshel12 = idshell  ' tshel12 

G loading  from EPRI drop d a t a  (Reference 6):  gdec = 33.4 

Data from weight and center of  g r a v i t y  c a l c u l a t i o n s :  ' 

Weight of 

Uniform d 

package (except  s t i f f e n e r s  and payload) uniformly d i s t r i b u t e d :  

Wkse = 39,000 l b s  

s t r i b u t e d  weight of package: wbse = (gk Wbse)/lpip 

wbse = 2,085 l b s  
Weight of  s t i f f e n e r  and ou te r  f l anges  r ings :  

Bottom end f lange:  

Type 1 s t i f f e n e r  r ings :  

Type 2a s t i f f e n e r  r i n g s :  

W, = 2,600 l b s  

W2 = 450 l b s  

Wxe = 525 lbs 

Type 2b s t i f f e n e r  r ings :  

Weight of  payload: 

W,, = 600 l b s  

W,, = 20,000 l b s  

CG of  payload from center of bottom f lange:  

This  pu t s  i t  between Columns 15 and 16. 

Moment of i n e r t i a  and c r o s s  sec t iona l  a r ea  of  pipe:  

Moment of  i n e r t i a :  

Cross sec t iona l  a r ea :  

Moment of  i n e r t i a  and c ross  sec t iona l  a rea  of t h i n  o u t e r  shel l :  

Ipi, = x(odpi, 4 - idPip4)/64 

Api, = x(odpip2 - idPiw2)/4 

Moment of  

Cross sect 

Moment of  

Moment of  

Cross sect 

n e r t  

onal 

nert 

nert 

onal 

cg,, = 32.56 ' f t  

-. i 'she, 14)/64 4 a:  'os1 X ( o d s h e l l l  

a rea :  *os1 X(odshel l l  - dshel [2)/4 2 

a and c r o s s  sec t iona l  a r ea  of t h i c k  o u t e r  shell :  

- ids,,,14~/64 4 
a: 'os2 ='" (Odshel12 

area :  Aos2 = (Odshel12 - idSheLl2)/4 2 
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Moment of inertia and cross sectianal area of composites: 

Pipe with thin outer shell: 

Moment'of inertia: ' 1  =. 'pipe t 'os1 

Cross sectional'area: A, = Api, t Aosl 

Pipe with thick outer shell: 

Moment of inertia: '2 'pipe t 'os2 

Cross sectional area: A, = Api, t Aos2 

Length between center1 ine of supports: 

7 ,  - 9.750 in 
1, = (2 ft + 10 in) - 1, 

1, = (4 ft + 10.250 in) - (2 ft t 10 in) 

1, = (5 ft t 7.750 in) - (4 ft + 10.250 in) 
1, = (8 ft t 3.250 in) - (5 ft t 7.750 in) 

1, = (10 ft t 10.750 in) - (8 ft t 3.250 in) 

7, = (13 ft t 6.25 in) - (10 ft + 10.750 in) 
1, = (16 ft t 1.750 in) - (13 ft t 6.25 in) 
1, = (18 ft t 9.250 in) - (16 ft t 1.750 in) 

l,, = (21 ft t 4.750 in) - (18 ft t 9.250 in) 
l , ,  = (24 ft + 0.250 in) - (21 ft t 4.750 in) 
l,, = (24 ft t 9.750 in) - (24 ft t 0.250 in) 
11, = (27 ft t 5.25 in) - (24 ft t 9.750 in) 
l,, = (30 ft t 0.750 in) - (27 ft + 5.25 in) 

l,, = (32 ft t 8.250 in) - (30 ft t 0.750 in) 

l,, = (35 ft t 3.750 in) - (32 ft t 8.250 in) 
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d 

l,, - (37 f t  t 11.750 in) - (35 f t  + 3.750 in) 

l,, = (40 f t  +6.750 in) - (37 f t  + 11.750 in) 

l,, - (43 f t  t 2.250 in) - (40 f t  t 6.750 in) 

l,, = (45 f t . +  9.750 in) - (43 f t  + 2.250 in) 

l,, = (48 f t  t 5.25 in) - (45 f t  t 9.750 in) 

l,, = (49 f t  t 2.750 in) - (48 f t  + 5.25 in) 

1, = (51 f t  + 2.750 i n )  - (49 f t  t2.750 in) 

l,, = (52 f t  t 0.750 in)  - (51 f t  t 2.750 in) 

CG of pump locations relative t o  Column 15 and 16: 

dd = cg - (30 f t  + 0.750 i n )  Distance from Column 15: pay 

Distance from Column 16: d, = (32 f t  + 8.25 i n )  - cg,, 

Using the Three Homent Theorem, determine moments a t  the supports: 

End Conditions assuming simply supported: 

A t  bottom end flange end: 

A t  t o p  end moments due t o  t o p  caps exists,  m:del as uniform cantilevered load o f  
combined weight of bo th  inner and outer t b p  caps. 

Ma = 0.0 lbs-in 

Weight of outer t o p  cap: 

Weight of inner t o p  cap: 

W,, = 1,900 lbs 

W,, = 1,500 lbs 

Total weight: "tcap E '19 '20 

Length of outer t o p  cap: 

Assume load i s  distributed in a triangular shape along the length: 

l tcap = (2 f t  t 1.875 in) t 2.25 in 

"y - (' gdec 'tcap I t c a p )  

(' gdec 'tcap ' tcap) End Constraints: Ma = 0.0 lbs-in My = - 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Drop Evaluation Loaded With No Shieldinq (101-SY Packasel 
Originator S. S. Shiraaa Date 07/30/94 
Checker S. R. Crow d 2&. Date 08/31/94 

Span 1 and 2 

Span 2 and 3 

Span 3 and 4 

Span 4 and 5 

Span 5 and 6 

Span 6 and 7 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 8  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drop Evaluation Loaded With No S h i e l d i n s  (101-SY Packase) 
Orig inator  S .  S .  Shiras'a 111 Date 07/30/94 
Checker ' S .  R .  Crow L Date 08/31/94 

Span 7 and 8 ,  Trans i t ion  from t h i n  t o  t h i c k  outer  s h e l l :  

Span 8 and 9 

Span 9 and 10 

Span 10 and 11 

Span 11 and 12 

Span 12  and 13 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Droo Evaluation Loaded With No Shieldina (101-SY Packaqe) 
Originator S. S. Shiraaa /H Date 07/30/94 
Checker S .  R. Crow Date 08/31/94 

Span 13 and 14 

Span 14 and 15, Transition from thick to thin outer shell and pump cg location: 

Span 15 and 16, pump cg location: 

Span 16 and 17 

Span 17 and 18 

Span 18 and 19 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drop Evaluation Loaded With No Shie ld inq (101-SY Packaqel 
Orig inator  S. S .  Shirasa  // Date 07/30/94 
Checker S .  R .  Crow #$, Date 08/31/94 

Span 19 and 20 

Span 20 and 21 

Span 21 and 22 

Span 22 and 23 

Span 23 and 24 
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M, 

M, 

M, 

M, 

M, , 

. M, 

M, 

M, 

M, 

ENGINEERING ANALYSIS 

-141,437 
- 183,906 
-166,535 

.-170,304 
- 186,666 

- 117,448 
-129,289 
88,562 
-1 x lo6 

Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 1 1  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded With No Shieldins (101-SY Packaqe) 
Originator S. S. Shirasa f l  Date 07/30/94 
Checker S. R. Crow Date 08/31/94 

Table I 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Qrop .Evaluation Loaded With No Shie ld ina  (101-SY Packaael 
Orig inator  S .  S .  Shiraaa Date 07/30/94 
Checker S .  R .  Crow & ,432 Date 08/31/94 

Maximum moments between supports  and r e a c t i o n s  a t  supports:  

Span 1 ,  M,cMb: 

M, = 74,917 l b s - i n  

R, = 89,494 l b s  

Span 2 ,  M,<M,: 

M, = 251,367 l b s - i n  

R, = 31,932 l b s  

Span 3, M,>M,: 

y = 243,273 l b s - i n  
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Drawing H-2-83734 .Doc. No. 101-SY-DROP-01 P a g e 3  o f  34 
Building Tank 241-SY-101 Rev. 0 Job  No. 
Sub jec t  DroD Evaluat ion Loaded W i t h  No Shie ld inq  (101-SY Packasel 
O r i g i n a t o r  S .  S .  Shiraqa  Date 07/30/94 
Checker S .  R .  Crow Date 08/31/94 

R, = 26,935 Jbs  

Span 4 ,  M,<M,: 

M, = 128,166 l b s - i n  - 

R, - 24,029 l b s  

Span 5,  MetMf: 

M,= 415,117 l b s - i n  

Re = 36,407 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 1 4  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drop Evaluation Loaded With No Shie ld ina  /lOl-SY Packaae) 
Orig inator  S. S .  Shiraaa Date 07/30/94 
Checker S .  R .  Crow Date 08/31/94 

Span 6 ,  M,>M,: 

M, = 435,555 l b s - i n  

R, - 33,775 l b s  

Span 7 ,  M,tM,: 

M, = 429,749 l b s - i n  

R, = 31,815 l b s  

Span 8, M , t M , :  

M, = 431,811 l b s - i n  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Droo Evaluation Loaded With No Shieldins (101-SY Packaqel . 
Originator S .  S .  Shir Date 07/30/94 
Checker S .  R .  Crow Date 08/31/94 

R, = 31,449 lbs 

Span 9, Mi>Mj: 

.Mp = 429,308 lbs-in 

R i  = 31,290 lbs 

Span 10, Mj<Mk: 

M,, = 437,132 1 bs-in 

Rj = 30,959 lbs 
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Drawing H-2-83734 'Doc. No. 101-SY-DROP-01 P a g e 3  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Drop Evaluat ion Loaded W i t h  No Shie ld ins  (101-SY Packaqe) 
Or ig ina to r  S. S.  Shi raqa  /// Date 07/30/94 
Checker S. R.  Cl'ow-k, - Date 08/31/94 

Span 11, M,>M,: 

M,, = 410,080 l b s - i n  

R, = 29,646 l b s  

Span 12, M,<M,: 

M,, = 177,869 l b s - i n  

R, = 23,921 l b s  

. Span 13, M,>M,: 

M13 = 371,218 l b s - i n  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 Pages o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Drop Evaluation Loaded With No Shieldina (101-SY Packaqel 
Originator S. S. Shirasa u/ Date 07/30/94 
Checker S. R. C r o w e m .  Date 08/31/94 

R,,, = 30,709 lbs 

Span 14, M,<M,: 

M,, = 729,957 lbs-in 

R, = 35,063 lbs 

Span 15, M,>M,, Span where pump is located: 

Location of maximum moment: 
w 

x,, = 115/2 t [(M, - M,)/(wbse 115)] 

Moment due t o  pump at location: M,, = (g& w,, d, xmx)/1,5 

Reaction at o due to pump: R, = (gd, W,, d,)/lls 

1,113,236 lbs-in "15 = 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 3  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Drop Evaluat ion Loaded W i t h  No Shie ld inq  (101-SY Packaqe) 
Or ig ina to r  S .  S. S h i r a s a  // Date 07/30/94 
Checker S. R .  Crow -&- Date 08/31/94 

R, = 72,258 IPS 

Span 16, M,>M,: 

M,, = 487,945 l b s - i n  

Reaction a t  p due t o  pump: R, = (gdec W,, d,)/l15 

R, = 674,229 l b s  

Span 17, M$M,: 

M,, = 428,935 l b s - i n  

R, = 35,489 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 . P a g e 2  o f  34 
Bui lding  Tank 241-SY-101 Rev. 0 Job No. 
Subject  Droo Evaluation Loaded With No Shie ld inq (101-SY Packaqe) 
Orig inator  S .  S .  Shiraaa Date 07/30/94 
Checker S .  R. Crow- Date 08/31/94 

W 

Span 18 ,  M,>M,: 

M,, = 424,740 l b s - i n  

Span 19 ,  M,tM,: 

R, = 32,218 l b s  

M,, = 427,028 l b s - i n  

R, = 3 1 ,  695 l b s  

Span 20,  M,tMU: 

M,, = 437,154 l b s - i n  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluat ion Loaded With No Shieldinq (101-SY Packaae) 
Or ig ina tor  S. S .  Shiraqa /fl Date 07/30/94 
Checker S .  R .  Crow M C  Date 08/31/94 

R, - 31,050 l b s  

Span 21, Mu>M,: 

M,, = 411,820 l b s - i n  

R; = 29,771 lbs 

Span 22,  MsM,: 

M,, = 147,263 l b s - i n  

. R,, = 31,677 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of  34 
Bui ld ing  Tank 241-SY-101 Rev. 0 Job  No. 
Sub jec t  D r O D  Evalua t ion  Loaded W i t h  No Shie ld ing  (101-SY Packaqel 

Checker S. R .  Crow -r- Date 08/31/94 
O r i g i n a t o r  S.  S .  Shiracra / Dat'e 07/30/94 

Span 23, M,>M,: 

M, = 190,242 l b s - i n  

R, = 20,940 l b s .  

Span 24, M,tMy: 

MZ4 = 3,703,167 l b s - i n  

R, -82,350 l b s  

React ion a t  Col umn' 25: 

= 231,485 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 3  o f  34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Droo Evaluat ion Loaded W i t h  No S h i e l d i n s  (101-SY Packasel 

Checker S. R .  Crow d& Date 08/31/94 

* 

O r i g i n a t o r  S. S. S h i r a s a  1 Date 07/30/94 

Maximum loading  on r ing :  

Maximum loading on r i n g  a t  Column 16, R,. 
loaded as loading smeared over e n t i r e  volume of  the r i n g  Reference 7 ,  pages 176 
and 178, Case 22 and opposed by a r e a c t i v e  load t r a n s f e r r e d  by t a n g e n t i a l  s h e a r  
Roark Case 24. Also assume r i n g  a c t s  a s  a curved beam (shown Figures  2 and 3): 

Model a s  combined loading  o f  Ring 

Loading Due to  Weight 

/I..um.d C.0m.y 

Figure 2 

Nominal r.adius of  r i n g :  

00 o f  r i n g :  odring - 5 ft t 11.625 i n  

'ring = OdrinJ2 Rring = 2.98 f t  

Width o f  r ing :  ' bring = 1.5 i n  

Loading Due to Reaction with Surface 

R 

- p r 2  

r2 
'Y 

Figure  3 

D i s t r i b u t e d  weight o f  r i n g  throughout c r o s s  s e c t i o n :  

wring = 112 l b s - i n 3  2 
Wring =. R d ( x  Rring bring) 

Case 20 Maximum Loading a t  bottom o f ' r i n g :  

a = 0 deg 8 = 0 deg 

u = cos (a )  s = s i n  (e )  c = COS (e) 
3 Maximum moment loading:  M t r i W  = 35 wring R r i W  

z = sin ( a )  . 

Miring = 3.84 x l o 6  l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  o f  34 
B u i l d i n g  Tank 241-SY-101 Rev. 0 Job No. 
Sub jec t  Drop E v a l u a t i o n  Loaded Wi th  No S h i e l d i n a  (101-SY Packaael 
O r i g i n a t o r  S.  S. Sh i raqa  /U Date 07/30/94 
Checker S .  R. Crow e Date 08/31/94 

C i  r c u m f e r e n t i  a1 Tension : 

Ttring = W r i n g  'ring 
(1 t t u - f x z + f u 2 )  

"iring = 178,845 l b s / i n  

Radi a1 Shear: 
2 

Vlring = wring RriW ( 4  a u + t z - 4 u u)  

'Iring = -224,'743 l b s / i n  

Case 25, Opposing moment a t  bot tom o f  r i n g ,  9 = O', a = 0' 

Coun te rac t i ng  Moment: 

MZring = - [R, Rriq [0.23868 u - f s + 0.15915 (a z t 9 s + c - u c')]] 

. '2rinp = -5.76 x l o 6  I b s - i n  

C i  r cumfe ren t  i a1 Tension: 

TZring = R, [0.15915 ( a  z - u c') - 0.07958 U ]  

Tzring = -160,959 l b s  

Radi a1 Shear: 

V2r ing  E . - [R, E0.15915 ( a  u - 4 z t Z C ' )  - f U l l  

V2r ing  = 337,115 l b s  

R e s u l t a n t  l oad ing :  

Maximum Moment: 

- 
Mrrim - " I r i n g  bring t '%ring 

C i  r c u m f e r e n t i  a1 Tension: 

Trring = 'Iring bring T2ring 

Radi a1 Shear: 

Vrring 'Iring bring + ''ring 

Mrring = 1,266 1 b s - i n  

Trring = 107,309 I b s  

Vrring = 0 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  DroD Evaluation Loaded W i t h  No Shie ld ina  (101-SY Packaae) 

Checker S. R.  Crow m ? c  Date 08/31/94 
Or ig ina to r  S. S. Shi raaa  /// Date 07/30/94 

Geometric parameters of pipe: 

Ins ide  r ad ius  of  r i n g  i s  i d  of  pipe:  ‘rid = (‘‘pip - t p i p ) / 2  

Normal depth of  r i n g  inc luding  p ipe  th ickness :  

’ring = ‘ring - ‘ring hPip  = 4.06 i n  

Neutral  a x i s  of  r ing :  

CG of r ing :  

.reg = ‘ring + (hCinJ2) 

Eccentricity: ecc = rCg - r,, 
. Cross sec t iona l  a rea :  Ar iW = hriW briw 

S t r e s s e s  i n  r ing :  

Bending stress: 

= 320 psi  (Jbottm 

Tangent ia l  stress: 

“tan TrriJAring 

Maximum shea r  stress: 

‘ring 2 VrriJAring 

Tota l  stress: 
- 

“tot  - ‘tmttcm + (Jtan + ’ring 

otan = 17,610 psi  

= 0 ps i  

atOt = 17,929 ps i  
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Drawing H-2-83734. Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Droo Evaluation Loaded With No Shieldinq /lOl-SY Packaqe) 
Originator S. S. Shiraqa Date 07/30/94 
Checker S. R. Crow a .Cc Date. 08/31/94 

. 

ASME allowable from previous data: 

Margin of Safety on inner pipe: 

sa = 23,270 psi 

MSpip (sJu, ,~)  - 1 MS,,, = 0.3 

Maximum loading on inner containment pipe between rings: 

i 

R 
R L  ' Y 

I 
Figure 4 

Maximum bending between Columns 24 and 25: 

ahnax = 2,357 psi 

Short beam criteria applies here, therefore must consider maximum shear. 

Maximum shear: f p x  = 2 V A p i p - e  = 4,642 psi 

OK 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Droo Evaluation Loaded With No Shieldinq (101-SY Packaqe) 

Checker S. R. Crow Date 08/31/94 
Originator S. S. Shiraqa // Date 07/30/94 

Bending at support: 

ab = 678 psi 

Total stress at pipe section: 

aytot = %mx + = p x  

MS,i, = ( S p y t o t . )  - 1 

Margin of Safety: 

Loading on Inner Blind Flange Plate: 

Assuming inside pipe welds carry the entire load determine weld strength. 

uytot = 6,998 psi 

MS,,, = 2.33 OK 

Containment Boundary 

'a 

Figure 5 

Plate thickness: 

From ASME, allowable at joint.discontinuities: 

t,, = 2.0 in 
1.5 sa = 34,905 psi 

. B6-127 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 Page27 of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded With No Shieldinq (101-SY Packaqe) 
Originator S. S. Shiraaa Date 07/30/94 
Checker S. R. Crow . Date 08/31/94 

Since welds are 100% radiographed assume full strength of fillets. 

Weld size, assuming on one weld: 

Weld diameter is assumed as same size as pipe: 

Circumference of weld (one side only): 

Pressure loading from pressure calculations at pipe joint discontinuity: 

w, = 0.500 in 

d, = id,,, 
c, = x d, 

sbtot - 10,929 psi 
Shear area of weld: 

Maximum shear due to deflection of pipe during drop: 

A, - 0.707 W, C, 

Weight of- inner blind flange: w, = 1,800 ibs 

Td,-op = (' g&c W6)/A, 

Total stress on weld: 

T~~~~ = 1,719 psi 

owtot = 12,648 psi 

MS,,, = 1.76 OK 

Owtot  E Tdrop 'btot 

Margin of Safety: 

MS,,, = (1.5 S,,/O,,~,) - 1 . 
Top Cap Loading: 

Retaining Ring Loading: 

Since fitup tolerance of retaining ring is tighter than for bolts, retaining ring 
takes up all shear loading from the drop. 

Weight of inner top cap: 

ID of retaining ring: 

Wall thickness: 

OD of retaining ring: 

Cross sectional area of ring: 

W2, = 1,500 lbs 

iditcr, = 5 f t + 3 i n  

titer, = 0.375 in 

oditcrr = iditcrr t 2 titcrr 

2 Aitcrr = x (Oditcrr - iditcr:)/4 
Maximum shearing' load on the ring cross section: 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34' 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Drop Evaluat ion Loaded W i t h  No Shie ld ina  (101-SY Packaae) 
Or ig ina to r  S. S. Shi raaa  /// Date 07/30/94 
.Checker S. R .  Crow c Date 08/31/94 

' r m x  = (' gdec "zO)/*itcrr 

' r m x  = 1,342 ps i  

Margin o f  Safe ty :  

MSrrs = (SJTr -x )  - 1 

Loading on the b o l t s :  

MSrrs = 16.34 OK 

PlVlOL 

Figure 6 

cgitc = 1.39 f t  CG of t op  cap from inner f lange  face :  

Bo1 t . parameters:  

. Number of b o l t s :  nbitc - - 28 

Nominal d iameter  of  b o l t s :  dbitc = 1 i n  

Tens.ile stress a rea  of  each b o l t  (Reference 12, page 1278): 

A, = 0.7854 (dbitc - 0.9743 in/8)* 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Drop Evaluation Loaded With No Shieldinq (101-SY Packaqe) 
Originator S .  S .  Shirasa /H Date 07/30/94 
Checker S. R. Crow W&- Date 08/31/94 

A1 1 owabl e tensi 1 e strength of bo1 ts : 

Total preload and pressure load per bolt from ASME evaluation: 

obtm = 55,000 psi 

. wbtot = 19,696 lbs 

Angle from vertical flange axis: 

Angle of bolt spacing: 8, = 12.83 deg . 

Diameter of bo1 t circle: 

8, = 6.43 deg 

d, = 61 in 

Diameter of fl ange: 'flange = iditerr 
Distance from Pivot to bolts 14 to 1: 

r, = d,/2 . rftange E. dftawJ* 
Perpendicular distance: 

Distance from pivot to centerline of bolt 14: 

1^1& = I^flange - r, cos(8,) 

r13 = fflawe - r, COS(8, + 8,) 

r,, = rfkawe - r,cos(2 8, + 81) 

r11 = rflawe - r, COS(3 8, + 8,) 

Distance from pivot to centerline of bolt 13: 

Distance from pivot t o  centerline of bolt 12: 

Distance from pivot to centerline of bolt 11: 

Distance from pivot to centerline of bolt 10: 

rl0 = rflawe - rbc cos(4 (3, + 0,) 

rp = rflange - r, cos(5 8, t e,) 
Distance from pivot to centerline of bolt 9: 

Distance from pivot to centerline of bolt 8: 

r* = rflange - r k  cos(6 8, + 6,) 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-01 P a g e 2  of 34 
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Distance from pivot to centerline of bolt 7: 

r7 = rflsWe t rk sin(8,) 

Distance from pivot to centerline of bolt 6: 

r6 = rflaWe t r k  sin(e, 9,) 

Distance from pivot to centerline of  bolt 5: 

r5 = rfisWe t rb sin(2 9, + e,) 
Distance from pivot to centerline of bolt 4: 

r4 = rflanoe t rbc sin(3 9, t 9,) 

Distance from pivot to centerline of bolt 3: 

i., = rflsWe + rbc sin(4 e, + 0 , )  

Distance from pivot to centerline of bolt 2: 

r, = rflaWe + rk sin(5 8, + 8,) 

Distance from pivot to centerline of bolt 1: 

r, = rflaWe t rk sin(6 8, t e,) 
By symmetry bolts distances 15 to 28 are equal to 14 to 1; respectively. 

Moment due to drop due'to eccentric loading of bolts: 

"bite E gdu '20 'gitc 

- Tensile load on bolt 1 (highest loading): 

Fbitc,  = 1,285 1 bs 
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Tota l  bo1 t 1 oad: 

"ftcb 'btot + F b i t d  Witch - 20,981 l b s  

Tensile stress on bo1 t: 

= 34,637 ps i  

Margin of  Safe ty  based on bo1 t -  u l  t imate :  

. MSboLt = ('bted'bolt) - 
Outer Shel l  Loading from lead:  

Model l onges t  t h i n n e s t  s ec t ion  only: 

MS,,, = 0.59 OK 

Figure  7 

ID of  shell : 

Wall t h i ckness  : 

jdsheLl = 5 f t  t 8 in  

t5,6sh = 0.3125 in  

OD o f  shell : OdsheL L =t jdshetL 4- * t516sh 

Inner  c r o s s  sec t iona l  void a rea  of s h e l l :  

Acrsh = ( dshel12 - o d p j p 2 ) / 4  

Longest length  between supports :  

Mid po in t  of length :  

15, = 2.5 f t  

zSh = 1 5 d 2  

gap = 2 in  Gap o f  void: gap = ( id sheL\  - o d p j p ) / 2  

Radius of lead:  r,, = odPiJ2 + gap 
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Angle o f  evaluat ion:  

Po i s s in ’ s  r a t i o  f o r  carbon steel (Reference 8 ) :  vest[ = 0.3 

Density o f  l e a d  (Reference 13, page 398): p, = 0.4096 lbs/ in3 

Assume 65% d e n s i t y  o f  shot :  

0, - 180 deg 

p.shot - 0.65 p, 

Weight o f  l ead  between supports :  

‘spb Acrsh Pshot 156 

L wS& - 3,312 l b s  

Assume weight o f  l ead  smeared over the e n t i r e  c r o s s  s e c t i o n a l  a r ea :  
2 Cross s e c t i o n a l  a r ea :  

Smear dens i ty :  . 

A,, = (x/4)odShel1 

p,,, = w,J(ASmr 15,) 

Load between suppor t s  a t  angle of eva lua t ion ,  s t r e s s  due t o  lead s lump modeled 
using membrane theory o f  pipe f i l l e d  between suppor t s  w i t h  a f lowable m a t e r i a l .  

Tangent ia l  s t r e s s :  

at = 7,376 psi  

Longitudinal s t r e s s :  

I Y ~  = 1,854 psi  
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Shear stress: 

ushr = 0 psi 

Total  stress a t  maximum d e f l e c t i o n  ( a t  c e n t e r  o f  l e n g t h ) :  

‘ @ t o t  = ‘t ‘1 + ‘shr 

amtot - 9,230 psi  

Margin o f  Sa fe ty :  

MS,, = (SJ~,,,,,) - 1 MS, = 1 . 5 2  OK 

Weld on S t i f f e n e r  Rings: 

Evaluate c i r cumfe ren t i a l  f i l l e t  welds j o i n i n g  t h e  s t i f f e n i n g  r i n g s  and end p l a t e s  
t o  t h e . i n n e r  containment pipe.  Assume welds a r e  1/2 inch f i l l e t s  both s i d e s .  

Weld size: 

Diameter o f  weld i s  OD of pipe: 

Largest  moment on o u t e r  t op  end p l a t e ,  model a s  pipe welded t o  s t i f f e n i n g  r i n g  

Evaluate weld per AWS, Reference 11, page 7.4-7. 

wsr, - 0.500 in  

odPi,: 64 i n  

. w i t h  no support  from o u t e r  s h e l l  o r  top cap f l ange .  ’ 
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Treat the welds as a l ine i n  bending: 

Linear Force on welds,  assuming welds equa l ly  s h a r e  the load: 

fb  = 165 lbs / in  

AWS al lowable f o r  f i l l e t  welds used i n  Bridge Construct ion f o r  ASTM A-36 mater ia l  
w i t h  t h i ckness  g r e a t e r  than I inch using E60 o r  SAW-1 Electrodes and assuming 
p a r a l l e l  l oad ing ,  Reference 10 and Reference 11, page 7 .4 -8 .  

nus - 8,800 psi  

fa,, = 3,111 l b s / i n  

MSsru = 17.8 OK 
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I. Object ives:  

' The o b j e c t i v e  of  t h i s  eva lua t ion  i s  t o  a s ses s  t h e  a b i l i t y  of  the 101-SY f u l l y  
sh'ielded packaging t o  maintain l e a k  t i g h t n e s s  and s t r u c t u r a l  i n t e g r i t y  a f t e r  a 1 
foo t  f l a t  drop onto a hor izonta l  12 inch t h i c k  conc re t e  s u r f a c e  (Reference 1 and 
2 ) .  Maintenance of l e a k  t i g h t n e s s  and s t r u c t u r a l  i n t e g r i t y  a r e  demonstrated by 
confirming the stresses i n  c r i t i c a l  components and a t  c r i t i c a l  l oca t ions  of the 
package a r e  adequately below t h e  va lues  e s t a b l i s h e d  i n  Reference 8. 

11. References: 

' 1. WHC-SD-TP.-019, Rev 0 ,  "Packaging Design' C r i t e r i a  T rans fe r  and Disposal of 
Hydrogen Mixer Pump". 

2. WHC, Engineering Change Notice 606676, da ted  June 27, 1994. 

3 .  American I n s t i t u t e  o f  S tee l  Construction., S t ee l  Construct ion Manua l ,  9 th  
Edi t ion .  

4.  ' US-NRC, 10 CFR Par t -71 ,  "Packaging and Transpor ta t ion  o f  Radioactive 
Mate r i a l s " .  

5. WHC Drawing, No. H-2-83734, "Hydrogen Mixer Pump S torage  Container" .  

6. EPRI NP-4830, "The Effec t  of Target  Hardness on the S t r u c t u r a l  Design of 
Concrete S torage  Pads f o r  Spent Fuel Casks". 

7. Roark, Formulas f o r  S t r e s s  and S t r a i n ,  4 th  Edi t ion .  

8. American Soc ie ty  of Mechanical Engineers,  Bo i l e r  and Pressure  Vessels ,  
Sec t ion  VII I ,  Divis ion 2, 1989. 

9. American Soc ie ty  of Mechanical Engineers,  Bo i l e r  and Pressure  Vessels,  
Sec t ion  VI I I ,  Divis ion 1, 1989. 

10. American Welding Society,  AWS/ANSI D 1.1, "S t ruc tu ra l  Welding Code". 

. 11. Blodget t ,  0. GI., Desisn of Welded S t r u c t u r e s ,  1976. 

12. -ASTM, American Soci.ety of Tes t ing  and Mate r i a l s ,  Annual Book o f  ASTM 
Standards,  Volume 15.08. 

13. I n d u s t r i a l  Press, Machinery's Handbook, 20th Edi t ion .  

I I I. Resul t s  and Concl us i  ons : 

As w i t h  the results f o r  an unshielded package, results f o r  a f u l l y  shielded 
package show t h a t  a l l  components, ma te r i a l s  and welds have adequate margins of 
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s a f e t y  t o  in su re  t h a t  t h e  package w i l l  not l o s e  containment i n  t h e  event of a 1 ' 

f t  drop. In most ca ses  t h e  s t r e s s e s  a r e  somewhat lower s i n c e  w i t h  t he  heavier  
package t h e  d e c e l e r a t i o n  f a c t o r s  a r e  l e s s  (shown in  the  G loading eva lua t ion ) .  
This i s  due pr imar i ly  t o  the  fundamental axioms i n  Reference 6. The EPRI r epor t  
(Reference 6 )  cons iders  t h a t  due t o  t he  hardness and s t i f f n e s s  of a . cask ,  t he  
conc re t e  pad wi l l  f a i l  absorbing most of t he  energy of impact. Subsequently,  t he  
heavier  t h e  cask t h e  more t h e  concre te  f a i l s  absorbing more energy. .This r e s u l t s  
i n  lower dece le ra t ion  loads  being t ransmi t ted  t o  t h e  package o r  cask. 
Consequently, s ince .  t h e  f u l l y  sh ie lded  package i s  heavier  than the  unshielded 
package less dece le ra t ion  loading i s  experienced by t h e  f u l l y  sh ie lded  package 
which r e s u l t s  i n  lower s t r e s s  va lues .  
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I V .  Enqineerinq Evaluation: 

As per the PDC (Reference l ) ,  assume a p e r f e c t l y  f l a t  ho r i zon ta l  drop onto a 
conc re t e  a s  s p e c i f i e d  i n  the Reference 1. Assume'the package impacts on a l l  
stiffener r i n g s  and e x t e r i o r  f l a n g e s  simultaneously.  This  a n a l y s i s  models a 
f u l l y  sh i e lded  loaded con ta ine r .  

Model drop loading a s  a beam with mul t ip l e  suppor t s  u s i n g  the t h r e e  moment 
theorem i n  AISC, Reference 2.  
payload and' r i n g s .  
the center o f  g r a v i t y  and the r i n g s  a r e  modeled a s  concentrated loads  a t  t h e  
suppor t s .  

Assume package i s  uniformly loaded,  except f o r  
The payload i s  modeled a s  a concentrated load with loading a t  

21 r Wbase 

a b c . d e f g h i j k I m n o p q r s t u v w x y  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 2 2 3 2 4  

I I 

Figure 1 

Pipe and s h e l l  parameters ,  Reference 5: 

Inner  containment p ipe :  

OD: od,,;, = 64 i n  Wall t h i ckness  : 

ID: 

lPi, - 52 f t  + 0.75 i n  

idpip = odpip - ( 2  t p ip )  

Length o f  pipe: 

Outer shell t h i n  s e c t i o n :  

ID: idshell = 5 f t  i 8 i n  Wall thickness:  

00: Odshelll E jdshel1 4- ( t s h e l l l )  

Outer shell thick s e c t i o n :  
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Wall t h i c k n e s s :  tshel12 = 0.5 i n  

OD: odshel12 i d s h e l l  (tshcl12) . 

G l o a d i n g  from EPRI d r o p  d a t a  (Refe rence  6 ) :  gdec = 25.3 

Data  from weight  and center of  g r a v i t y  c a l c u l a t i o n s :  

Weight o f  s h i e l d i n g :  

Weight o f  package ( e x c e p t  stiffeners and payload)  uniformly d i s t r i b u t e d :  

W,, = 66,000 l b s  

Wbse - 39,000 l b s  t W,, 

Uniform d i s t r i b u t e d  we igh t  o f  package: 

wbse = 4,252 l b s / i n  

Weight o f  s t i f f e n e r  r i n g s :  

Bottom end f l a n g e :  . W, = 2,600 l b s  

Type 1 s t i f f e n e r  r i n g s :  W, = 450 lbs 

Type 2a s t i f fener  r i n g s :  

Type 2b s t i f fener  r i n g s :  

Weight o f  payload: 

CG o f  payload from center 'of bottom f l a n g e :  

W,, = 525 l b s  

W3, = 600 l b s  

W2, = 20,000 1 bs 

cg,, = 32.56 f t  

P u t t i n g  i t  between Columns 15  and 16. 

Moment o f  i n e r t i a  and c r o s s  s e c t i o n a l  a r e a  o f  p ipe :  

Moment o f  i n e r t i a :  Ipi, = X(odLpi, - id4,,,)/64 

Cross  s e c t i o n a l  a r e a :  A,,, = x(od2pi, - id2,,,)/4 

Moment o f  i n e r t i a  and c r o s s  s e c t i o n a l  a r e a  o f  t h i n  o u t e r  shell :  

Moment o f  i n e r t i a :  = ~ ( ~ d ~ ~ ~ ~ ~ t l  - idCshe11)/64 

Cross  s e c t i o n a l  a r e a :  .Aosl X(od2shelll - d2shel [ ) /4  

Moment o f  i n e r t i a  and c r o s s  s e c t i o n a l  a r e a  o f  t h i c k  o u t e r  shell.: 
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Moment of inertia:  . I ~ ~ ~  = x ( o ~ ~ ~ ~ ~ ~ ~ ~  - i d4shtl 1/64 

Cross sectional area: = n(od2shel12 - dZshel L )I4 
Moment of iner t ia  and cross sectional area of composites: 

Pipe with thin outer shell: 

Moment of iner t ia :  11 ‘pipe + ‘os1 

Cross sectio’nal. area: A, = A,~, t 

Pipe with thick outer shell: 

1, *pipe t Ios t  Moment of inertia:  

Cross sectional area: A, =.Apip t Aos2 

L e n g t h  between centerline o f  supports: 

1, = 9.750 in 

l t + =  (2 f t  + 10 in) - 1, 

1, =. (4 f t  + 10.250 in) - (2 f t  t 10 in) 

1, = (5 f t  + 7.750 in) - (4 f t  + 10.250 in) 

. 1, = (8 f t  + 3.250 in) - (5 f t  + 7.750 in) 

1, = (10 f t  + 10.750 in) - (8 f t  + 3.250 in) 

1, - (13 f t  + 6.25 in) - (10 f t  + 10.750 in) 

1, = (16 f t  + 1.750 in) - (13 f t  + 6.25 in) 

1, = (18 f t  + 9.250 in) - (16 f t  t 1.750 in) 

l,, = (21 f t  + 4.750 in) - (18 f t  + 9.250 i n )  

l,, = (24 f t  + 0.250 in) - (21 f t  + 4.750 i n )  

l,, = (24 f t  + 9.750 in) - (24 f t  + 0.250 in) 

l,, = (27 f t  + 5.25 i n )  - .(24 f t  + 9.750 in) 

l,, = (30 f t  + 0.750 in) - (27 f t  + 5.25 in) 

’ 
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l,, = (32 ft + 8.250 in) - (30 ft + 0.750 in) 

l,, - (35 ft + 3.750 in) - (32 ft + 8.250 in) 

l,, = (37 ft + 11.750 in) - (35 ft + 3.750 in) 
l,, = (40 ft + 6.750 in) - (37 ft + 11.750 in) 
l,, = (43 ft + 2.250 in) - (40 ft + 6.750 in) 

l,, - (45 ft + 9.750 in) - (43 ft + 2.250 in) 

h, = (48 ft + 5.25 in) - (45 ft + 9.750 in) 

l,, = (49 ft + 2.750 in) - (48 ft t 5.25 in) 
1, = (51 ft + 2.750 in) - (49 ft + 2.750 in) 

l zc  = ( 5 2  f t  + 0.750.in) - (51  f t  + 2.750 i n )  

CG of pump locations relative to Column 15 and 16: 

Distance from Column 15: 

Distance from Column 16: 

d, = cg,, - (30 ft t 0.750 in) 

d, = (32 ft + 8.25 in) - cg,, 

Using the Three Moment Theorem, determine moments at the supports: 

End Conditions assuming simply supported: 

At bottom end flange end: 

At top end moments due t o  top caps exists, model as uniform cantilevered load of 
combined weight of both inner and outer top caps. 

Ma = 0.0 lbs-in 

Weight of outer top cap: 

Weight of inner top cap: 

W,, = 1,900 lbs 

W,, = 1,500 lbs 

Total wei gh t : 'tcap '19 + '20 

Length of outer top cap: 

Assume load is distributed in a triangular shape along the length: 

lrcap = ( 2  ft + 1.875 in) t 2.25 in 

Canstraints: 
MY = - (1/3 g dec 'tcap tcap) 

Ma = 0.0 lbs-in My = - ( gdec 'tcap tcap) 

B6- 142 



WHC-SD-T P- S E P-0 2 6 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Bui 1 ding Tank 241 -SY - 101 Rev. 0 Job No. 
Subject Drop Evaluation Loaded and Fullv Shielded (IOl-SY) 
Originator S. S. Shiraqa Date 07/31/94 
Checker S. R. Crow d24?C Date 08/31/94 

Span 1 and 2: 

Span 2 and 3: 

SDan 3 and 4: 

Span 4 and 5: 

Span 5 and 6: 

Span 6 and 7: 

Span 7 and 8:, Transition from thin to thick outer shell: 
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Span 8 and 9: 

Span 9 and 10: 

Span 10 and 11: 

Span 11  and 12: 

Span 12 and 13: 

Span 13 and 14: 

Span 14 and 15:, Trans i t ion  f r o m  thick t o  t h i n  outer  s h e l l  and pump cg l o c a t i o n :  
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Span 15 and 16:, pump cg location: 

Span 19 and 20: 

Span 20 and 21: 

Span 21 and 22: 
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l b s - i n  l b s - i n  

0 M, -149,340 

-246,988 M, -112,957 

Draw-ing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 1 0  of 32 
Building Tank 241-SY-101 Rev .* 0 - Job  No. 
Subjec t  Drop Evaluation Loaded and Fully Shielded (101-SYI 
Or ig ina to r  S. S. Sh i r a sa  //J Date 07/31/94 
Checker S. R .  Crow C J &  Date 08/31/94 

SDan 22 and 23: 

Span 23 and 24: 

. I  M I -258.592 I M, I -376.495 I 

Maximum moments between supports  and r eac t ions  a t  supports :  

B6- 146 



WHC-SD-TP-SEP-026 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e s  o f  32 
Buildi'ng Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  DroD Evaluation Loaded and F u l l y  Sh ie lded  (101-SYI 
Orig inator  S .  S. Shiraqa // Date 07/31/94 
Checker S .  R. Crow WP- Date 08/31/94 

Span 1 ,  fl,<flb: 

M, = 152,784 l b s - i n  

R = 71,192 lbs - a  

M, = 512,633 l b s - i n  

R, = 42,644 lbs 

Span 3 ,  M,>Md: 

I$ = 496,128 l b s - i n  

R, = 35,663 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 1 2  o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded and Fully Shielded (IOl-SY) 
Originator S. S. Shir Date 07/31/94 
Checker S. R. Crow Date 08/31/94 

Span 4, M,tM,: 

M, = 261,378 lbs-in 

R, = 23,316 lbs 

Span 5, M,<Mf: 

M5= 846,584 lbs-in 

Re = 48,559 lbs 

Span 6, M,>M,: 

M, = 888,259 lbs-in 

R, = 49,613 lbs 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drar, Evaluation Loaded and Ful ly  Shielded (101-SY) 
Originator S .  S. Shiraqa ./A/ Date 07/31/94 
Checker S .  R. Crow->$ Date 08/31/94 

Span 7, M$M,: 

M, = 876,438 l b s - i n  

Span 8,  M,tMf: 
R, = 45,614 l b s  

M, = 880,559 l b s - i n  

R, = 44,870 l b s  

Span 9, M,>flj: 

Mp = 875,769 l b s - i n  

Ri = 44,565 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 Page- o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drop Evaluation Loaded and Fully Shielded (101-SY) 
Originator S .  S .  Shirasa // Date 07/31/94 
Checker S .  R. Crow (r_ Date 08/31/94 

Span 10, Mj<M,: 

M,, = 890,526 l b s - i n  

. Rj = 43,944 l b s  

Span 11, M,>M,: 

M,, = 839,322 l b s - i n  

R, = 41,470 l b s  

Span 12,  M,<M,: 

M l z  = 311,806 lbs- in  

R, = 34,580 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 3  o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded and Fully Shielded (101-SY) 
Originator S. S. Shirasa /A/L/ Date 07/31/94 
Checker S. R.  Crow Date 08/31/94 

Span 13, M,>M,: 

M,, - 805,092 lbs-in 

* rl, - 39,734 lbs 
Span 14, M,<M,: 

M1, = 1,060,827 lbs-in 

R, = 44,106 lbs 

Span 15, M,>M,, Span where pump is located: 

Location of maximum moment: xmX = 1,J2 + [(M, - Mp)/(wbse 115)] 

Moment due to pump at location:. 

Reaction at o due to pump: R, = 

1,468,339 lbs-in 4 5  = 

R, = 75,193 lbs 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 3  of  32 
Bui ld ing  Tank 241-SY-101 Rev. 0 J o b  No. 
S u b j e c t  Drop Eva lua t ion  Loaded and F u l l y  Sh ie lded  (101-SYI 
O r i g i n a t o r  S. S .  Shiraa-//  Date 07/31/94 
Checker S .  R.  Crow I? Date 08/31/94 

Span 16,  M,>M,: 

M,, = 921',427 l b s - i n  

React ion a t  p due t o  pump: R, = (gdec GI,, da)/ l ,5  

* R, = 531,840 l b s  

Span 17,  M,<M,: 

M,, = 890,516 l b s - i n  

R, = 48,083 l b s  

Span 18,. M,>M,: 

M,, = 861,537 l b s - i n  

R, = 45,138 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 . PageJ of 32 
Building iank  241-SY-101 Rev. 0 Job No. 
Subjec t  DroD Evaluation Loaded and F u l l y  Shielded (101-SY) 
Or ig inator  S .  S .  Shiraaa // Date 07/31/94 
Checker S .  R .  Crow c Date 08/31/94 

Span 19, M,cM,: 

M,, - 872,347 l b s - i n  

R, = 44,979 l b s  

Span 20, M,<M,: 

MZ0 = 890,124 l b s - i n  

R, = 44,036 l b s  

Span 21, M,>M,: 

M,, = 843,477 l b s - i n  

R, = 41,793 l b s  
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Drawing H-2-83734 Doc. No. 101~SY-DROP-02 P a g e 3  o f  32 
Building Tank 241-9-101 Rev. 0 Job No. 
Subject  DroD Evaluation. Loaded and Ful lv  Shielded (101-SYl 
Originator S .  S. Shiraqa Date 07/31/94 
Checker S .  R .  Crow Date 08/31/94 

I 

Span 22, M,>M,: 

M,, = 2.69,428 l b s - i n  

= 33,590 l b s  

Span 23, M,>M,: 

M, = 424,283 l b s - i n  

R, = 20,137 l b s  

Span 24, M,tMy: 

M,, = 1,154,534 l b s - i n  

R, = -40,801 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 3  of 32 
Building Tank 241-SY-101 Rev. 0 'Job No. 
Subjec t  DroD Evaluation Loaded and F u l l y  Shielded (101-SY) 
O r i g i n a t o r  S. S. Shi rau  Date 07/31/94 
Checker S. R.  Crow Date 08/31/94 

Reaction a t  Column 25: 

R,, = 167,004 l b s  

Haximum loading  on r ing :  

Maximum loading on r i n g  a t  Column 16, R,. 
loaded as loading smeared over e n t i r e  volume of  t h e  r i n g  Reference 7,  pages 176 
and 178; Case 22 and opposed by a r e a c t i v e  load t r a n s f e r r e d  by tangent ia l  shear  
Roark Case 24. A l s o  assume r i n g  a c t s  a s  a curved beam (shown Figures  2 and 3 ) .  

Model a s  combined loadinggof Ring 

Loading Due to Weight 

,- A0.um.d Caorn- lrr  

I R f  
#ml rtn& 

.I 

Figure 2 

Loading Due to Reaction with Surface 

,r h1.un-d C..melr, 

R 

Figure 3 

Nominal r ad ius  of r ing :  

OD o f  r ing :  odriw = 5 f t  + 11.625 in  

'ring = OdrinJ2 Rring  = 2.98 f t  

Width of  r i n g :  

D i s t r ibu ted  weight of  r ing  throughout c ros s  sec t ion :  

bring = 1.5 in  

wring = R J ( ~  ''ring bring) wring = 88 1 bs/i n3 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Bui 1 ding Tank' 241 -SY - 101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded and Fully Shielded (101-SYl 
Originator S . . S .  Shiraaa Date 07/31/94 
Checker Date 08/31/94 

Case 20 Maximum Loading at bottom of ring: 

a - 0 deg 8 = 0 deg 

u - cos ( a )  

Maximum moment loading: 

s - sin (8) c = COS (e)  z = sin ( a )  

Miring = 3/4 wring R3ring Miring = 3.03 x lo6 lbs 

Ci rcumferent i a1 Tension : 

Tltino = wring Rzring (1 + 1/4 u - 1/2 x z + 1/2 a Z) 

Tiring - 141,075 lbs/in 
Radi a1 Shear: 

Vlring wring RZring (1/2 a u + 1/4 z - 1/2 x U) 

Vlring = -177,280 lbs/in 

Case 25, Opposing moment'at bottom of ring, 8 = O o ,  a = 0' 

Counteracting Moment: 

Mzriw = - [R, RriW E0.23868 u - 1/2 S + 0.15915 (a z + 8 s + c - u c')]] 

MZring = -4.55 x lo6 lbs-in 

Ci rcumferenti a1 Tension: 

'*ring = R, 10.15915 (a z - u ~' 1 . -  0.07958 u] 

Tzriw = -126,966 lbs 

Radi a1 Shear: 

VZriw = - [RP [0.15915 ( a  U - 1/2 Z + Z Cz) - 1/2 u ] ]  

" Z r i n g  = 265,920 Ibs 

Resultant loading: 

Maximum Moment: 

' rr ing = ' I r ing bring .i- b r i n g  'Yrring = 998 lbs-in 

Ci rcumferenti a1 Tension: 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  DroD Evaluat ion Loaded ,and F u l l y  Shielded (101-SY) 
Or ig ina to r  S. S. S h i r a  Date 07/31/94 
Checker S. R.  Crow ' Date 08/31/94 

Trring = 84,646 l b s  

Vrring = 0 l b s  

Trring a 'Iring bring + '.?ring 

Radi a1 Shear: 

"rring a 'Iring bring + '*ring 

Geometric parameters of  pipe: 

I n s i d e  r ad ius  o f  r i n g  i s  i d  o f  pipe: rring (''pip - tpip)/2 

Normal depth of  r i n g  inc luding  pipe thickness: 

'ring a 'ring - 'ring h r iW = 4.06 in  

Neutral  a x i s  of  r ing :  

CG o f  r ing :  

r c g  'ring + ( ' r i d ' )  

Eccen t r i c i ty :  

Cross sec t iona l  a rea :  

ecc = rcg - rna 

Aring = hr iW bring 

S t r e s s e s  i n  r ing :  

Bendi'ng stress: 

= 252 psi  (Jboctan 

Tangent ia l  stress: 

atan = TrrinJAring 

Maximum shea r  stres.s: 

'ring = 2 VrriJAring 

B6- 157 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  of 32 
Building Tank 241-SY-101 .Rev. 0 Job No. 
Subject Drop Eva-luation Loaded and Fullv Shielded (101-SY) 
Originator S. S. Shiraqa /4/ Date 07/31/94 
Checker S. R. Crow e& Date 08/31/94 

Total stress: 

a to t  = abottan + 'Itan + tring ator = 14,143 psi 

ASME allowable from previous data: sa = 23,270 psi 

Margin o f  Safety on inner pipe: 

MSpip ( ~ J o t o t )  - 1 MS,,, = 0.65 

flaximum Loading on inner containment pipe between rings: 

R x  R 
Y 

- '2- I R x  R v  

Figure 4 

Maximum bending between Columns 15 and 16: 

uhX = 935 psi 

B6-158 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Building Tank 241-SY-101 Rev. 0 J o b  No. 
Subjec t  Drop Evaluation Loaded and F u l l y  Shielded (lOl-SY) 
O r i g i n a t o r  S. S. Shiraqa  Date 07/31/94 

Date 08/31/94 Checker S. R. Crow 

Shor t  beam c r i t e r i a  a p p l i e s  here, t h e r e f o r e  must cons ider  maximum shea r  a t  support .  

. Maximum shear: zYmax = 2 RJAPiP TY- = 3,349 ps i  

Bending a t  support :  

ab = 513 psi 

Total  stress a t  p ipe  sec t ion :  

Qytot  = Qbnax + 5ymsx 

4 

uytot = 4,283 psi  

OK 

Margin o f  Safe ty :  

MS,,, = (S#Jytot) - 1 MS,,, = 4.43 

Loading on Inner Blind Flange P la t e :  

Assuming i n s i d e  p ipe  welds ca r ry  t h e  e n t i r e  load determine weld s t r eng th .  

Containment Boundary 

sbtot (Pressure Loadlng) 

I 
R a  

Figure 5 

86-159 



4 

WHC- S D-T P- S E P-0 2 6 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  of 32 
Building Tank 241-SY-101 . Rev. 0 Job No. 
Subject DroD Evaluation Loaded and. F u l l v  Shielded (101-SY) 
Originator S. S. Shirasa Date 07/31/94 
Checker S. R. Crow a i ? /  Date 08/31/94 

Plate thic'kness: .t,, = 2.0 in 

From ASME, allowable at joint discontinuities: 

Since welds are 100% radiographed assume full strength of fillets. 

1.5 sa = 34,905 psi 

Weld size, assuming on one weld: w, = 0.500 in 

Weld diameter is assumed as same size as pipe: 

Circumference of weld (one side only): 

Pressure loading form pressure calculations at pipe joint discontinuity: 

d, = idpip 
c, = x d, 

4 

Shear area of weld: 

sbtot = 10,929 psi 

A, = 0.707 W, C, 

Maximum shear due deflection of pipe during drop; 

Weight o f  inner blind flange: 

'drop = (' gds.W6)/A, 
Total stress on weld: 

u ~ t ~ t  'drcp + 'btot 

Margin of Safety: 

W6 = 1,800 lbs 

rdrW = 1,302 psi 

- 12,231 psi owtot 

MS,,, = 1.85 OK 

Retaining Ring Loading: 

Since fitup tolerance of retaining ring is tighter than for bolts, retaining ring 
.takes up all shear loading from the drop. . 

Weight of inner top cap: W,, = 1,500 lbs 

ID of retaining ring: 

Wall thickness: 

OD of retaining ring: 

iditcrr = 5 ft + 3 in 

ticcrr = 0.375 in 

odircrr = iditcrr + 2(titcrr) 
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Drawing H-2-83734 Doc. NO. 101-SY-OROP-02 P a g e 2  of 32 
Building Tank’ 241-SY-101 Rev. - 0  Job No. 
Subjec t  Droo Evaluation Loaded and F u l l v  Shielded (101-SY) Or ig ina to r  S.. S. Sh i r a sa  Date 07/31/94 
Checker S. R.  Crow ,e Date 08/31/94 

Cross sec t iona l  a r ea  o f  r ing :  
2 

Aitcrr * (0‘ itcrr id2itcrr)/4 

Maximum shear ing  load  on the r i n g  c r o s s  sec t ion :  

‘ r m x  = (* gdec ‘zO)/*itcrr 

’ r m x  = 1,017 ps i  

Margin of  Safety:  

OK MSrrs ( S J ‘ r - x )  a 1 MSrrs = 21.89 

Loading on the bo1 ts:  

PlVlOl 

Figure 6 

CG o f  top  cap from inne r  f lange  face :  cgi tc  = 1.39 f t  

Bo1 t parameters:  

Number of  bo1 t s  : nbitc  = 28 
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Orawi ng H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  of 32 
Building Tank 241-SY-101 Rev. 0 Job No. 

Or ig ina to r  S. S. Sh i r a sa  Date 07/31/94 
Date 08/31/94 Checker S .  R.  Crow 

' Subjec t  Droo Evaluation Loaded and F u l l y  Shie lded  (101-SYI 
/ 

Nominal diameter  of bol.ts: dbitc = 1 i n  

Tensile stress a rea  of  each b o l t  (Reference ASTM, page 1278):  

A,, - 0.7854 (dbitc - 0.9743 i r1/8)~ 

Allowable tensi le  s t r eng th  of bo l t s :  abtm = 55,000 psi . 

Total preload and press.ure load per b o l t  from ASME evalua t ion :  

wbtot = 19,696 l b s  

Angle from v e r t i c a l  f lange  ax is :  8, = 6 . 4 3  deg 

Angle o f  b o l t  spacing: e, = 1 2 . 8 3  deg 

Diameter of  bo1 t c i  rcl e: d, = 61 in  . 

Diameter of f l  ange: d! lctnge = idpc,, 

Dis tance from Pivot  t o  b o l t s  14 t o  8: 

r, = d,/2 'flange = ' f l ange /*  

Perpendicular  d i s t ance :  

Distance from pivot  t o  c e n t e r l i n e  of  b o l t  14: 

r1c = rflanga - rb COS(8,) 

Distance from pivot  t o  c e n t e r l i n e  of b o l t  13: 

r13 = rflange - rk  COS(^, + e,) 
Distance from pivot  t o  c e n t e r l i n e  of bo l t  12: 

- rbc cos(2  e, + e,)  r12 - rflarlge 
- 

Distance from pivot  t o  c e n t e r l i n e  o f  bo l t  11: 

rll = rflange - rk cos (3  8, + 6,) 

Distance from pivot  t o  c e n t e r l i n e  of bo l t  10: 

r,o = rflange - rk C O S ( 4  e, + 8,) 

Distance from pivot  t o  c e n t e r l i n e  of b o l t  9 :  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 Page27 of  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Drop Evaluation Loaded and Fully Shielded (101-SY) 
Originator S. S. Shira Date 07/31/94 
Checker S .  R. Crow Date 08/31/94 

r9 - rfiange - rbc cos(5 8, + e,) 
Distance from pivot to centerline of bolt 8: 

ra 'flange - rk cos(6 0, + '1) 

Distance from Pivot to bolts 7 to 1: 

Distance from pivot to centerline of bolt 7: 

r7 - rflengc + r& sin(0,) 

Distance from pivot to centerline of bolt 6: 

r6 - rflange + r& sin(0, i- 8,) 

Distance from pivot to centerline of bolt 5 :  

r5 = rflaoge + rk sin(2 8, i 6,) 

Distance from pivot to centerline o f  bolt 4: 

r4 = rflange + rk sin(3 + 6,) 

Distance from pivot to centerline o f  bolt 3: 

sin(4 6, t e,) '3 = 'flange r~ 
Distance from pivot to centerline of bolt 2: 

r2 = rflange i- rk sin(5 0, + 0,) 

rl = rfiange i- rk sin(6 0, + e,) 

Distance from pivot to centerline of bolt I :  

By symmetry bolts 15 to 28 are equal to 14 to 1, respectively. 

Moment due to-drop due to eccentric loading o f  b o l t s :  

Mbitc = gdec '20 'gitc 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Drop Evaluation. Loaded and F u l l y  Shielded (101-SYI 
Orig ina to r  S. S.  Sh i r a  Date 07/31/94 
Checker S. R.  Crow Date 08/31/94 

Tensile load  on b o l t  1 (h ighes t  loading) :  

2 2 2 2 
+ 19' + rl0 + rll + r12 + r13 + rt4 J 

Fbitc, = 960 l b s  

Total  bo1 t 1 oad: 

Witch = 20,656 l b s  'it& 'btot ' Fbitcl 

Tensile stress on bo l t :  

ublr = 34,100 p s i  a b t t  = '*itcd*b 

= 5 f t  t 8 in  ID .of shell : dshel  I 

Wall th ickness :  t5,6sh = 0.3125 in  

00 .of shell : . Odshel  1 = idshell  2( t516sh)  

* B6-164 
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Orawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f ’ z  

Subjec t  Drop Evaluation Loaded and F u l l y  Shielded (101-SY) 
Or ig ina to r  S. S. Shiracla .Date 07/31/94 
Checker S. R. Crow Date 08/31/94 

Job No. Building Tank 241-SY-101 Rev. 0 

Inner c r o s s  sec t iona l  vo id  area  o f  shell: 

Aercrh ( d2sheL L - 0d2,,,)/4 . 

Longest l eng th  between supports :  

Mid po in t  of  length:  zsh = 1 5 d 2  

Gap o f  void: gap (idshell - odp,,)/2 gap = 2 i n  

Radius of lead:  

Angle o f  evalua t ion :  

Poisson’s r a t i o  f o r  carbon s t e e l  (Reference 8) :  vCstl = 0.3 

15, - 2.5 f t  

r,, = odpiJ2 t gap 

9, - 180 deg 

Density o f  lead  (Reference 13, page 398): p,’= 0.4096 lbs / in3  

Assume 65% dens i ty  of  shot :  

Weight of l ead  between supports :  

pshor = 0.65 p* 

w ~ p b  = *crsh Pshot ” 6  

wS& = 3,312 l b s  

Assume weight of l ead  smeared over  t h e  e n t i r e  cross sec t iona l  a rea :  

Cross sec t iona l  area:  

Smear dens i ty :  

A,, = x/4 odZshell 

psmr = W,,J(A,~ IS,) 

Load between suppor ts  a t  angle  o f  evalua t ion ,  stress due t o  l ead  slump modeled 
using membrane theory of pipe f i l l e d  between supports  with a flowable ma te r i a l .  

Tangent ia l  stress: 

ot = 5,587 psi  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 3 0  of 32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Droo Evaluat ion Loaded and F u l l y  Shielded (IOl-SY) 
Orig ina to r  S. S. Shi ra sa  Date 07/31/94 
Checker S. R .  Crow W C .  Date 08/31/94 

Longitudinal stress: 

aI = 1,404 psi 

Shear  stress: 

aShr = 0 psi  

Total  stress a t  maximum d e f l e c t i o n  ( a t  c e n t e r  of  l eng th ) :  

“*fOl = (J: + “ I  + “,hr 

apbtot = 6,992 .psi 

Margin of  Sa fe ty :  

MS,, - b$o,tot) - 1 MS, = 2.33 OK 

Held on S t i f f e n e r  Rings: 

Evaluate  c i r cumfe ren t i a l  f i l l e t  welds jo in ing  the  s t i f f e n i n g  r i n g s  and end p l a t e s  
t o  the inne r  containment pipe.  

Weld s i z e :  

Assume welds a r e  1/2 inch f i l l e t s  both s i d e s .  

wsrw = 0.500 i n  

Diameter of  weld i s  OD of pipe:  odpi,: 64 in  

Largest  moment on o u t e r  top end p l a t e ,  model as  pipe welded t o  s t i f f e n i n g  r ing  
with no support  from o u t e r  s h e l l  o r  top cap f lange .  

Evaluate  weld per AWS, Reference 11, page 7.4-7. 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  of 32 
Building Tank 241-SY-IO1 Rev. ' 0 Job No. 
Subjec t  Drop Evaluation Loaded and F u l l v  Shielded (101-SY) 
Or ig ina to r  S .  S. S h i r a s  Date 07/31/94 
Checker S. R.  Crow Date 08/31/94 

-~ 

Stiffening Ring and Outer Flange 

\ 

V 

Figure 8 

Trea t  the welds a s  a l i n e  in  bending: 

Linear  Force on welds,  assumin W I d s  equal ly  sha re  the load: 

c 

fb  = 125 l b s / i n  

AWS al lowable f o r  ' f i l l e t  welds used in  Bridge Construct ion f o r  ASTM A-36 mater ia l  
w i t h  thickness g r e a t e r  than 1 inch using E60 o r  SAW-1 Electrodes and assuming 
p a r a l l e l  loading,  Reference 10 and Reference 11, page 7.4-8. 

says = 8,800 p s i  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-02 P a g e 2  o f  32 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drou Evaluation Loaded and Fullv Shielded (101-SY) Originator S .  S .  Shiraaa /J/ Date 07/31/94 
Checker S .  R .  Crow w- Date 08/31/94 

Allowable l i n e  load: 

fa,, saws (0.707 WSr,) fa,, = 3,111 l b s / i n  

Margin of Safe ty :  

OK MS,, = . ( f a J f b )  - 1 MS,,, = 23.82 
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Drawing H-2-83734 . Doc. No. 101-SY-DROP-03 P a g e l  of 31 
Building Tank 241-SY-101 . Rev. 0 Job No. 
Subject DroD Evaluation Loaded and,Partial.lv Shielded /lOl-SY) 

Checker S. R. Crow Date 08/31/94 
Originator S. S. S h i r a a a  I Date 08/01/94 

I. Objectives: 

The objective of this evaluation is to assess the ability of the 101-SY partially 
shielded packaging (shielding up to Column 14) to maintain leak tightness and 
structural integrity after a 1 foot flat drop onto a horizontal 12 inch thick 
concrete surface (Reference 1 and 2). 
structural integrity are demonstrated by confirming the stresses in critical 
‘components and at critical locations of the package are adequately below the 
values established in Reference 8. 

Maintenance of leak tightness and 

11. References: 

1. 

2. WHC, Engineering Change Notice 606676, dated June 27, 1994. 

3. American Institute of Steel Construction, Stee7 Construction Manual, 9th 
Edition. 

US-NRC, 10 CFR Part 71, Packaging and Transportation o f  Radioactive 
Materials. 

WHC-SO-TP-019, Rev 0, Packaging Design Criteria Transfer and Disposal of 
Hydrogen Mixer Pump. 

4 .  

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

WHC Drawing, No. H-2-83734, Hydrogen Mixer Pump Storage Container. 

EPRI NP-4830, The Effect of Target Hardness on the Structural Design of 
Concrete Storage Pads for Spent Fuel Casks. 

Roark, Formulas for Stress and Strain, 4th Edition. 

American Society of Mechanical Engineers, Boiler and Pressure Vessels, 
Section VIII, Division 2, 1989. 

American Society of Mechanical Engineers, Boiler and Pressure Vessels, 
Section VIII, Division 1,  1989. 

American Welding Society, AWS/ANSI 0 1.1, Structural Welding Code. 

Blodgett, 0. W . ,  Design of Welded Structures, 1976. 

ASTM, American Society of Testing and Materials; Annua7 Book of ASTM 
Standards, Volume 15.08. 

Industrial Press, Machinery’s Handbook, 20th Edition. 
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Drawing H-2-83734' Doc. No. 101-SY-DROP-03 P a g e 2  of 31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded and Pa r t i a l ly  Shielded (101-SY) 
Originator S. S. Shirasa Date 08/01/94 
Checker S. R .  Cro Date 08/31/94 

pesul ts and .Concl usi ons : 

As w i t h  the r e s u l t s  f o r  an unshielded package, r e s u l t s  for a p a r t i a l l y  sh i e lded '  
package show t h a t  a l l  components, materials and welds have adequate margins of 
s a fe ty  t o  insure t h a t  the package will  not lose containment i n  the event of a 1 
f t  drop. In most cases the s t r e s s e s  a re  somewhat lower, t h a n  the unshielded 
packagi?, s ince with the  heavier package the deceleration f ac to r s  are  l e s s  (shown 
in the G loading evaluat ion) .  
Reference 6. 
and s t i f f n e s s  of a cask, the concrete pad will  f a i l  absorbing most of the energy 
of impact. Subsequently, the heavier the cask the more the concrete f a i l s  
absorbing more energy. 
transmitted t o  t h e '  package or cask w i t h  increasing weight. 
the p a r t i a l l y  shielded package i s  heavier than the unshielded package l e s s  
deceleration loading i s  experienced by the package which r e s u l t s  in lower s t r e s s  
Val ues. 

This i s  due pr imari ly- to  the fundamental axioms in 
The EPRI report  (Reference 6) considers t h a t  due t o  the hardness 

This r e s u l t s  in lower deceleration loads being 
Consequently, since 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03' P a g e 3  of 3.1 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  DroD Evaluation Loaded and P a r t i a l l y  Shielded (101-SY) 

Checker S. R .  Crow&% Date 08/31/94 
Or ig ina to r  S. S. Shiraqa /A Date 08/01/94 

I V .  E n d  neer i  nq Eva1 u a t i  on : . 

As per the PDC (Reference l ) ,  assume a pe r fec t ly  f l a t  hor izonta l  drop onto a 
concre te  a s  spec i f i ed  in  the Reference 1. Assume t h e  package. impacts on a l l  
s t i f f e n e r  r ings  and e x t e r i o r  f langes  simultaneously.  This a n a l y s i s  models a 

- p a r t i a l l y  sh ie lded  and loaded con ta ine r .  

Model drop loading a s  a beam w i t h  mul t ip le  supports  using the t h r e e  moment 
theorem i n  AISC, Reference 2 .  
payload and r ings .  
the  center of g r a v i t y  and the r i n g s  a r e  modeled a s  concentrated loads  a t  t h e  
suppor ts .  

Assume package i s  uniformly loaded,  except f o r  
The payload i s  modeled as a concentrated load with loading a t  

a b  c d e  f g h I J k I r n  n o p q r Y t u Y W  : c y  
1 2 3 1 5 6 7 8 9 10 1 1  12 13 14. 15 16 17 18 19 20 21 2 2 2 3 2 4  

Figure 1 

Pipe and s h e l l  parameters from H-2-83734, Reference 2:  

Inner  containment pipe: 

OD: odPi, = 64 in  Wall th ickness :  

ID: 

Length of  pipe: 

Outer s h e l l  t h i n  sec t ion :  

ID: 

id,,, = odPi, - 2(tpi,) 

lP i ,  = 52 f t  t 0.75 i n  

idshel[ = 5 f t  + 8 in  

00: 

Wall th ickness  : 

Odshelll = idshell + 2 t sne111  

Outer s h e l l  t h i ck  sec t ion :  

Wall thickness: tshelL2 = 0 .5 - in  

= 0.500 in  
tPi, 

= 0.3125 in L e 1  11 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 3  of 31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Drop Evaluation Loaded and P a r t i a l l y  Shielded (101-SY) 
Or ig ina to r  S .  S .  Shirasa  ///J Date 08/01/94 
Checker S. R.  Crow-CZkL Date 08/31/94 

G loading  from EPRI drop da ta  (Reference 6): 

Data from weight and center of g r a v i t y  ca l cu la t ions :  

Weight of sh i e ld ing  up 'Column 14: W,, = 32,000 l b s  

Length of  sh ie ld ing:  

Weight of package (except  s t i f f e n e r s  and payload) uniformly d i s t r i b u t e d :  

From Column 14: 

Up t o  Column 14: 

.gdec = 32.3 

lSh = (30 f t  i 0.75 i n )  - 1.75 in  

Wbesel 7 39,000 1 bs 

WbaseZ = 39,000 l b s  i Wlaa 

. Uniform d i s t r i b u t e d  weight of package: 

UP t o  Column 14: wbeseZ = gdec ( ~ b s e l / l p i w  + '~lBd/lshh) 

From Column 14: 
l b s / in  

Weight o f  s t i f f e n e r  r ings :  

Bottom end f lange:  

Type 1 s t i f f e n e r  r ings :  

Type 2a s t i f f e n e r  r ings :  

Type 2b s t i f f e n e r  r ings :  

Weight o f  payload: 

W, = 2,600 l b s  

W, = 450 l b s  

WIa = 525 l b s  

W,, = 600 l b s  

W2, = 20,000 l b s  

%se2 = 4,835 l b s / i n  

wbase = 2,016 

CG of  payload from c e n t e r  of bottom f lange:  
Put t ing  i t  between Columns 15 and 16. 

Moment of i n e r t i a  and c ross  sec t iona l  a rea  o f  p i p e :  

Moment of  i n e r t i a :  Ipi, = x(od4pi, - idApi,)/64 

Cross sec t iona l  a r ea : .  Api, = .x(odZpi, - idZpi,)/4 

Moment of  i n e r t i a  and c ross  sec t iona l  area o f  t h i n  ou te r  s h e l l :  

cg,, = 32.56 f t  

Moment of  i n e r t i a :  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 Page3 of 31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Oroo Evaluation Loaded and Partially Shielded (101-SY) 
Originator S .  S. Shirasa Date 08/01/94 
Checker S .  R. Crowd&- Date 08/31/94 

Cross sectional area: *os1 = X(od2shelll - id2shell)/4 . 

Moment of inertia and cross sectional area of thick outer shell: 

Moment of inertia: 'os2 ~(OdC.shettZ - idcShel1)/~4 
Cross sectional area: 'os2 = x (od'shet 12 - id2,he11)/4 
Moment of inertia and cross sectional area o f  composites: 

Pipe with thin outer shell: 

Moment o f  inertia: '1 ' p i p  t 'os1 

Cross sectional area: A, = Apip + Aosl 

-Pipe with thick outer shell: 

Moment of inertia: 

Cross sectional area: A, = A . t Aosz P'pe 

Length between centerline of supports: 

1, = 9.750 in 

1, = (2 ft + 10 in) - 1, 

1, = (4 ft t 10.250 in) - (2 ft + 10 in) 
1, = (5 ft + 7.750 in) - (4 ft t 10.250 in) 
1, = (8 ft t 3.250 in) - (5 ft t 7.750 in) 
1, = (10 ft t 10.750 in) - (8 ft + 3.250 in) 
1, = (13 ft t 6.25 in) - (10 ft t 10.750 in) 
1, = (16 ft + 1.750 in) - (13 ft t 6.25 in) 
1, = (18 ft + 9.250 in) - (16 ft t 1.750 in) 
l l 0  = (21 ft t 4.750 in) - (18 ft t 9.250 i n )  

l , ,  = (24 ft t 0.250 in) - (21 ft i 4.750 in) 
l,, = (24  ft + 9.750 in) - ( 2 4  ft t 0.250 in) 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e d  of 3 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Droo Evaluat ion Loaded and P a r t i a l l y  Shielded (101-SY) 
Or ig ina to r  S. S. Shi raaa  AH Date 08/01/94 
Checker S. R. Crow tcr/Rr, Date 08/31/94 

11, = (27 f t  t 5.25 i n )  - (24 f t  t 9..750 i n )  

l,, - (30 f t  t 0.750 i n )  - (27 f t  t 5.25 i n )  

11, - (32 f t  + 8.250 i n )  - (30 f t  t 0.750 i n )  

11, = (35 f t  t 3.750 i n )  - (32 f t  i. 8.250 i n ) '  

11, - (37 f t  + 11.750 i n )  - (35 f t  t 3.750 i n )  

118 - (40 f t  t 6.750 i n )  - (37 f t  + 11.750 i n )  

. 119 = (43 f t  t 2.250 i n )  - (40 f t  t 6.750 i n )  

l,,, = (45 f t  t 9.750 i n )  - (43 f t  t 2.250 i n )  

l,, - (48 f t  t 5 .25  i n )  - (45  f t  + 9.750. in)  

1,,.= (49 f t  + 2.750 i n )  - (48 f t  t 5.25 i n )  
. .  

723 = (51 f t  t 2.750 i n )  - (49 f t  + 2.750 i n )  

lZc = (52 f t  t 0.750 i n )  - (51 f t  + 2.750 i n )  

CG of  pump l o c a t i o n s  r e l a t i v e  t o  Column 15 and 16: 

Distance from Column 15: 

Distance from Column 16: 

Using the Three Moment Theorem, determine moments a t  the suppor ts :  

End Condition's assuming simply supported: 

A t  bottom end f l ange  end: 

. 

d, = cg,, - (30 f t  t 0.750 i n )  

d, = (32 f t  t 8.25 i n )  - cg,, 

Ma = 0.0 l b s - i n  

A t  top  end moments due t o  t o p  caps e x i s t s ,  model. a s  uniform can t i l eve red  load o f  
combined weight o f  both inner  and o u t e r  t o p  caps.  

Weight of  o u t e r  top  cap: W,, = 1,900 l b s  

Weight of  inner  top  cap: W,, = 1,500 l b s  

Total  weight : wtca, = VI,  w20 

Length of  o u t e r  t op  cap: 

Assume load i s  d i s t r i b u t e d  i n  a t r i a n g u l a r  shape along the length :  

ltcap = (2  f t  + 1.875 i n )  t 2.25 in  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 2  o f  31 

Subject  Drop Evaluation Loaded and P a r t i a l l y  Shielded (101-SY) 
Or ig ina tor  S. S .  Shirasa  Date 08/01/94 
Checker S. R.  Crow e&- Date 08/31/94 

Building Tank 241-SY-101 Rev. s o  .Job NO. 

Const ra in ts  : 

Span 1 and 2: 

Span 2 and 3: 

Span 3 and 4: 

Span 4 and 5: 

Span 5 and 6: 

Span 6 and 7: 

Span 7 and 8, Trans i t i on  from th in  t o  th i ck  ou te r  s h e l l :  
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. Drawing H-2-83734 Doc. No. 101-SY-DROP-03 Page3  of 3 
Bu i ld ing  Tank 241-SY-101 Rev. 
Subject DroD Evaluation Loaded and P a r t i a l l y  Shielded ( I O l - S Y )  
O r ig ina to r  S. S. Shiraqa /5/ Date 08/01/94 
Checker S. R .  Crow - e&, Date 08/31/94 

0 Job No. 

Span 8 and 9: 

Span 9 and 10: 

Span 10 and 11: 

Span 11 and 12: 

Span 12 and 13: 

Span 13 and 14: 

%an 14 and 15, T rans i t i on  f r o m  t h i c k  t o  t h i n  outer she l l  and pump cg loca t ion :  

86-177 
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SDan 15 and 16, pump cg  loca t ion :  

Span 16 and 17: 

Span 17 and 18: 

Span 18 and 19: 

Span 19 and 20: 

Span 20 and 21: 

Span 21 and 22: 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 1 0  of 31 
Building Tank 241-SY-101 Rev 0 Job No. 
Subject  Droo Evaluation Loaded and P a r t i a l l y  Shielded (101-SY) Or ig ina tor  S. S. Shi rasa  /// Date 08/01/94 
Checker S. R.  Crow-0- Date 08/31/94 

Span 22’ and 23: 

Span 23 and 24: 

Maximum moments between supports and reac t ions  a t  supports :  

Span 1, M,tMb: 

M, = 175,900 l b s - i n  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e d  o f  31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject  Drop Evaluation Loaded and P a r t i a l l y  Shielded (101-SYI Originator S. S .  S h i r  Date 08/01/94 
Checker S .  R .  Crow Date 08/31/94 

. 

R, = 90,211 l b s  

Span 2,  M,<M,: 

M, - 590,194 l b s - i n  

R, = 5 0 , 7 6 1  l b s  

Span 3 ,  M,>Md: 

y = 571,191 l b s - i n  

R, = 42,486 l b s  

Span 4 ,  M,tM,: 

M, = 300,923 l b s - i n  

R, = 28,747 l b s  
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Drawing -H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 4  o f  31 

Subject Drop Evaluation Loaded and Partially Shielded (101-SY) 
Originator S. S. Shiraqa A// Date 08/01/94 
Checker S. R .  Crow Date 08/31/94 

Job No. Building Tank 241-SY-101 Rev. 0 

Span 5, M,<Mf: 

M5= 974,671 lbs-in 

Re - 57,809 lbs 
Span 6, Mf>M,: 

M, = 1 x lo6 lbs-in 

R, = 58,547 lbs 

Span 7, M,<Mh: 

M, = 1 x 10, lbs-in 

R, = 53,942 lbs 
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Drawing H-2-83734 Doc. No. 101-SV-DROP-03 Page13 o f  31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded and Partially Shielded' (IOl-SY) 
Originator S. S. Shiraaa /& Date 08/01/94 
Checker S. R. Crow c\/& Date 08/31/94 

Span 8, M,<Mi: 

'M, - 1 x 1d lbs-in 

R, = 53,087 lbs L 

Span 9, M,>Mj: 

M, = 1 x lo6 lbs-in 

R i  = 52,738 lbs 

Span 10, MjtM,: 

M,, = 1 x lo6 lbs-in 

R j  = 52,029 lbs 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 2  o f  31 
B u i l d i n g  Tank 241-SY-101 Rev. 0 J o b  No. 
S u b j e c t  Drop E v a l u a t i o n  Loaded and P a r t i a l l y  S h i e l d e d  (101-SY) O r i g i n a t o r  S .  S. S h i r a s a  Date 08/01/94 
Checker Date 08/31/94 

Span 11, M,>M,: 

M,, = 966,687 l b s - i n  

R, = 49,206 l b s  

Span 12, Mt<M,: 

M,, = 353,847 l b s - i n  

R ,  = 42,509 l b s  

Span 13, M,>M,: 

M,3 = 933,992 l b s - i n  

5, = 46,393 l b s  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e s  o f  31 
Bui ld ing  Tank 241-SY-101 Rev. 0 J o b  No. 
S u b j e c t  DroD Eva lua t ion  Loaded and P a r t i a l l y  Sh ie lded  (1Ol-SYl 
O r i g i n a t o r  S .  S. S h i r a s a  Date 08/01/94 
Checker S. R. Crow Date 08/31/94 

Span 14, M,<M,: 

M,, = 1,180,111 l b s - i n  

R, = 51,192 l b s  

Span 15, M,>M,, Span where pump is l o c a t e d :  

Locat ion o f  maximum moment: x,, = Ils/2 t [(M, - Mp)/(wbse 115) ]  

Moment due t o  pump a t  l o c a t i o n :  M- = (gdec '21 d, xmx)/ '15 

React ion a t . 0  due t o  pump: R, = (gdec W2, d,)/l15 

M15 = 1,078,497 l b s - i n  

R, = 71,008 l b s  

Span 16, M,>M,: 

M,, = 459,673 l b s - i n  

React ion a t  p due t o  pump: R, = (gdec W2, d a ) / l , 5  
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 Page16 of 31 
Building Tank 241-SY-101 
Subject DroD Evaluation Loaded and Partially Shielded (lOl'-SYl 
Originator S .  S. Shira Date 08/01/94 
Checker S .  R.  Crow Date 08/31/94 

Rev. 0 Job No. 

v 

R, = 657,122 lbs 

M,, = 417,251 lbsrin 

R, = 33,527 lbs 

Span 18, M,>M,: 

M,, = 410,023 lbs-in 

R, = 30,953 lbs 

Span 19, M,<IY,: 

M,, = 413,151 lbs-in 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 Page17 of 2 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Droo Evaluation Loaded and Partially Shielded .(lOl-SYI 
Originator S .  S .  Shiraqa /// Date 08/01/94 
Checker S .  R. Crow*- Date 08/31/94 

R, = 30,593 lbs 

Span 20, M,<M,: 

M,, = 422,708 Ibs-in 

R, = 30,001 lbs 

Span 21, M,>M,: 

M,, = 398,270 lbs-in 

R, = 28,795 lbs 

Span 22, M,<M,: 

M,, = 142,407 lbs-in 

& = 30,633 lbs 
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Drawing H-2-83734 
Building. Tank 241 -SY -101 Rev. 0 Job No. 
Subjec t  Drop Evaluation Loaded and P a r t i a l l y  Shielded (101-SY) 
Orig ina to r  S. S. Shi ra sa  /A// Date 08/01/94 
Checker S. R. Crow Date 08/31/94 

Doc. No. 101-SY-DROP- 3 Page- 8 of 3 .  

Span 23, M,>M,: 

M, = 183,978 l b s - i n  

& 

R, = 20,252 l b s  

Span 24, M,tMY: 

M,, = 3,581,211 l b s - i n  

R, = -79,638 lbs 

Reaction a t  Column 25: 

$ = 223,861 l b s  

Maximum loading  on r ing :  

Maximum loading on r i n g  a t  Column 15, R,. 
loaded a s  loading smeared over e n t i r e  volume of the r i n g  Reference 7, pages 176 
and 178, Case 22 and opposed by a r e a c t i v e  load t r a n s f e r r e d  by tangent ia l  shear  
Case 24. 

Model a s  combined loading o f  Ring 

A l s o  assume r ing  a c t s  a s  a curved beam (shown Figures  2 and 3 ) .  
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Drawing H-2-83734 Doc. No.. 101-SY-DROP-03 P a g e 2  o f  31 
B u i l d i n g  Tank 241-SY-101 Rev. 0 Job No. 
S u b j e c t  DroD E v a l u a t i o n  Loaded and P a r t i a l l y  Sh ie lded  / l O l - S Y l  

Checker S .  R. C r o w w P  Date 08/31/94 
O r i g i n a t o r  S .  S .  Sh i raqa  I// Date 08/01/94 

W 

Loading Due to Weight 

I F i g u r e  2 

Loading Due to Reaction with Surface 

Nominal r a d i u s  o f  r i n g :  

OD o f  r ing:  odring = 5 f t  t 11.625 i n  

'ring = 0drit-J' Rring = 2.98 f t  

Width o f  r i n g :  

D i s t r i b u t e d  we igh t  o f  r i n g  throughout  c ross  s e c t i o n :  

bring = 1.5 i n  

wring = R J ( ~  ''ring bring) wring = . l o 9  1 bs/ in3 

Case 20 Maximum Loading a t  bot tom of r i n g :  

a = 0 deg 0 = 0 deg 

u = cos ( a )  s = s i n  (e )  c = COS ( e )  
3 - Maximum moment l o a d i n g :  

C i  r cumfe ren t  i a1 Tension: 

Miring - % wring RriW 

Tiring = wring Rring2 (1 t 1/4 u - 1/2 x z + 172 01 Z )  

Tiring = 174,307 l b s / i n  

z = s i n  ( a )  

Miring = 3.75 x lo6 l b s  
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WHC-SD-TP-SEP-026 Rev. 0 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-OROP-03 P a g e 2  of 31 
Bui ld ing  Tank 241-SY-101 Rev. . . 0 Job No. 
Subjec t  Drop Evaluation Loaded and P a r t i a l l y  Shielded (101-SY) 
Orig ina to r  S. S. Shi raqa  _/// Date 08/01/94 
Checker S. R.  C r o w d & -  . Date 08/31/94 

Radial Shear:  ' 

VlrinO = wring RZring (1/2 u u + 1/4 z - 1/2 x U)  

Vtring - -219,041 lbs / in  

Case 25, Opposing moment a t  bottom of r ing ,  8 = O', u = 0': 

Counteract ing Moment: 
u 

M~~~~ = - [R,, R~~~ [0.23868 u - i/z s + 0.15915 ( a  z t e s t c - u c ' ) ] ]  

MZring = -5.62 x lo6 l b s - i n  

Ci rcurnferenti  a1 Tension : 

TZring = R, [0.15915 ( U  z.- u c')  - 0.07958 U ]  

T2ri, = -156,875 l b s  

Radial Shear:  

vtring = - [R, [0.1~91~ ( a  u - 1/2 z t z c2) - 1/2 u l l  

VZring - 328,561 l b s  

Resul tan t  loading:  

Maxi mum Moment : 

Mrring = "Iring br ing + %ring Idrring = 1,233 l b s - i n  

Ci rcumferent i a1 Tension: 

Trring = 104,586 l b s  - 
Trring - 'Iring bring + T2ring 

Radi a1 Shear: 

"'rring = "Iring br ing + Vtr ing  Vrring = 0 l b s  

Geometric parameters of  pipe: 

Ins ide  r ad ius  o f  r ing  i s  id  o f  pipe: 'ring = ( ~ d p i p  - t p i p ) / 2  

Normal depth of r i ng  including pipe th ickness :  

'ring = 'ring - 'ring bring = 4.06 i n  

Y , 
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’ Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e s  of 31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  DroD Evaluation Loaded and P a r t i a l l y  Shielded (IOl-SY) 
Orig ina to r  S .  S. Sh i r a sa  // Date 08/01/94 
Checker S. R.  C r o w + = + ? #  Date 08/31/94 

Neutral  a x i s  of 

CG of  r ing :  

= rring 

Eccent r ic i ty :  

Cross sec t iona l  

S t r e s s e s  i n  r ing :  

Bending s t r e s s :  

r ing :  

+ ( h r i d 2 )  

ecc = rig - r, 

area:  AriW = hr iW brim 

abortan = 311 psi  

Tangential  stress: 

atan = 17,163 psi  “tan =, TrriJAring 

Maximum shear  s t r e s s :  

T ring . = 2 VrriJAring T ring . =.O psi 

Total  s t r e s s :  

“ to t  “b t tan  + “tan + ‘ring a,,, = 17,474 psi  

ASME.allowable from previous d a t a :  sa = 23,270 psi 

Margin of Safe ty  on inne r  pipe: 

MS,i, = ( S J “ t , , )  - 1 MS,,, = 0.33 OK 
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Drawing H-2-83734 'Doc. No. 101-SY-DROP-03 P a g e 2  of 31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject Droo Eva1 uation Loaded and Parti a1 1 Y Shielded (101 - S Y )  
Originator S. S. Shiraqa /// Date 08/01/94 
Checker S. R. Cro-c Date 08/31/94 

* Maximum Loading on inner contalnment pipe between rings: 

R 
Y 

I-= I 
I i i t t i t i i i i  i W " y  I M x C ~ i ' i t i i i i t i i ' i i l  

' 24  

R x  R r  

Figure 4 

Maximum bending between Columns 24 and 25: 

abnax = 2,279 psi 

Short beam criteria applies here, therefore must consider maximum shear at support. 

zPx = 4,489 psi Maximum shear: 'ymax = 2 RJApi, 

B6- 19J 



WHC-SD-TP-SEP-026 Rev’. 0 . 

ENGINEERING ANALYSIS 

Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 3  of 31 
Building Tank 241-SY-101 Rev. 
Subject Droo Evaluation Loaded and Partially Shielded (101-SY) Originator S .  S .  Shir Date 08/01/94 . . 
Checker S .  R. Crow v Date 08/31/94 

Job No. 0 

Bending at support: 

ab = 655 psi , .  

Total stress at pipe section: 

‘Jytot - ‘Jhnax + %ax aytot = 6,768 psi 

Margin o f  Safety: 

OK MS,,, = ( S J ‘ J y t o t )  - 1 MS,,, = 2.44 

Lozding on Inner 8lind Flange Plate: 

Assuming inside pipe welds carry the entire load determine weld strength. 

Fonta inrnent  Boundary 

From ASME, allowable at joint discontinuities: 1.5 sa  = 34,905 psi 

Since welds are 100% radiographed assume full strength of fillets. 
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Drawi ng H - 2 - 83 734 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subject DroD Evaluation Loaded and Partially Shielded (101-SYI 
Originator S. S. Shiraaa Date 08/01/94 
Checker S. R. Crow-% Date 08/31/94 

Doc. No. 101-SY-DROP-03 P a g e 2  of 31 

+ -  

v 

Weld size, assuming on one weld: 

Weld diameter is assumed as same sire as pipe: 

Circumference of weld (one side only): 

Pressure loading form pressure calculations at pipe joint discontinuity: 

w, = 0.500 in 

d, = idpip 

c, = x(d,) 

Shear area o f  weld: 

sbtot = 10,929 psi 

A, = 0.707 W, C, 

Maximum shear due deflection of pipe during drop: 

Weight of inner blind flange: 

Total stress on weld: 

'"tot 'drop + 'btot 

Margin of Safety: 

w6 = 1,800 ibs 

= 1,662 psi 'drcp 

uUtot = 12,591 psi 

MS,,, = 1.77 OK 

Retaining Ring Loading: 

Since fitup tolerance of retaining ring .is tighter than for bolts, retaining ring 
takes up all shear loading from the drop. 

Weight of inner top cap: 

ID of retaining ring: 

Wall thickness: 

OD of retaining ring: 

Cross sectional area of ring: 

W,, = 1,500 lbs 

iditcrr = 5 ft + 3 in 
titcrr = 0.375 in 

oditcrr = iditcrr + 2 tiCcrr 

2 
Aitcrr = (od itcrr - id2itcrr)/4 

Maximum shearing load on the ring cross section: 

'rrmax = (' gdec W20)/Aitcrr 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 2  o f  3J 
J o b  No. Bui ld ing  Tank 241-SY-101 Rev. 

S u b j e c t  DroD Eva lua t ion  Loaded and P a r t i a l l y  Sh ie lded  (101-SYI . 

O r i g i n a t o r  S. S. S h i r  Date 08/01/94 Checker S. R .  Crow Date 08/31/94 

0 

= 1,298 p s i  'rrmax 

Loading on the b o l t s :  

v. '. 

F i g u r e  6 

CG o f  t o p  cap from inner f l a n g e  f a c e :  cg i t c  = 1 .39  f t  

Bo1 t pa rame te r s :  

Number o f  b o l t s :  nbi tc  - - 28 

Nominal d i a m e t e r  of b o l t s :  dbitc = 1 i n  

Tensile stress a r e a  o f  each b o l t  [Reference ASTM, page 1278):  

A, = 0.7854 [dbirc - 0.9743 i11/8)~ 

Allowable tensi le  s t r e n g t h  o f  bo1 ts:  'bten = 55,000 psi 
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Drawirtg H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 2  of 31 
Building Tank 241-SY-101 Rev. 0 Job No. 
Subjec t  Drop Evaluation Loaded and P a r t i a l l y  Shielded (101-SYl 
Orig ina to r  S. S. Shiraaa  10 Date 08/01/94 
Checker S. R. Crow e&- Date 08/31/94 - 

Total preload and p res su re  load per b o l t  from ASME evalua t ion :  

wbtot - 19,696 l b s  

Angle from v e r t i c a l  f l ange  axis :  

Angle o f  bo1 t spacing : 

Diameter of  b o l t  circle: 

8, = 6.43 deg 

0, = 12.83 deg 

d, = 61 i n  

Diameter of  f lange:  dflanga * id ,  t c r r  

Dis tan ie  from Pivot  t o  b o l t s  14 t o  8: 

rbc = dJ2 'flange = dftangJ2 

Perpendicular  d i s t ance :  

Distance from pivot  t o  center1 ine o f  bo1 t 13: 

'14 f 'flange - rh  COS(',) 

Distance from pivot  t o  c e n t e r l i n e  o f  b o l t  13: 

r13 * rflange - rk  COS(^^ + 8,) 

Distance from pivot  t o  c e n t e r l i n e  of b o l t  12 :  

r,* - rflange - rk C O S ( 2  0, + 8,) 

Distance from pivot  t o  c e n t e r l i n e  of b o l t  11: 

rll = rflange - rbc COW 8, + 0,) 

Distance from p ivo t  t o  c e n t e r l i n e  of b o l t  10: 

rl0.= rflange - rbc cosv e, + e,) 
Distance from pivot  t o  c e n t e r l i n e  of b o l t  9: 

- rk cos(5  8, + e l )  r9 = 'flange 

Distance from pivot  t o  c e n t e r l i n e  of bo l t  8: 

- rbc cos(6 8, + 6,) r8 = rflange 

Dis tance from Pivot  t o  b o l t s  7 t o  1: 
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Drawing H-2-83734 Doc. No. 10tSY-DROP-03 P a g e 2  o f  31 
Building Tank 241-SY-101 Rev. 
Subject Drop Evaluation Loaded and Partially Shielded (101-SY) Originator S. S. Shirasa Date 08/01/94 

Date 08/31/94 Rc Checker S. R. Crow -r>d 

Job 'No. 0 

P 

- Distance from pivot to centerline of bolt 7: 

r7 - rflanga + rbc sin(0,) 

Distance from pivot to center1 ine of bo1 t 6: 

r6 a rflangc rbc 

Distance from pivot to centerline of bolt 5: 

r5 - rflanOa + rk sin(2 0, t 0,) 

Distance from pivot to centerline o f  bolt 4: 

'4 = 'flange ' r b ~  sin(3 0, t 8,) 

Distance from pivot to centerline of  bolt 3: 

r3. = r'tange f r& sin( . l  8, f 8,) 

Distance from pivot to centerline of bolt 2: 

r, = rflaWe t rk sin(5 8, t 8,) 

Distance from pivot to centerline of  bolt 1: 

r, = rflawe + rbc sin(6 8, + 0,)  

By symmetry bolts 15 to 28 are equal to 14 to 1, respectively. 

Moment due to drop due to eccentric'loading o f  bolts: 

Mbirc = gdcc '20 'gitc 
Tensile load on bolt 1 (highest loading): 

- '1 Mbicc 

'I - 
Fbi tC1 2 2 2 

rl + r: + r ,  + r4 + r5 + rj + r; + r; 

+ 1; + rlO + rrl + r12 + r13 + 1 1 4  
2 2 2 2 2 

Fbirc l  = 1,225 lbs 

Total bo1 t load: 

'it& = 'bcot -t Fbitcl Witch = 20,921 lbs 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 2  of 31 
. Building Tank 241-SY-101 Rev. 0 Job No. 

Subjec t  DroD Evaluation Loaded and P a r t i a l l y  Shielded (IOl-SY) 
Or ig ina to r  S.  S. Shiraqa /& Date 08/01/94 
Checker S .  R.  Crow -2% Date 08/3 1 /94 

Tensile stress on bo l t :  

a b l t  - Whd4 ablt = 34,538 psi  

Margin of Sa fe ty  based on b o l t  u l t imate :  

MSbolt = ( ~ b t e r / ~ b l t )  - 1 MSbl, = 0.59 OK 

Outer Shel l  Loading from lead:  

Model l o n g e s t  , th innest  sec t ion  only: 

I 
Figure  7 

I9 o f  shell : 

Wall thickness: 

dshel 1 = 5 f t t 8 i n  

t5,6sh = 0.3125 i n  

00 o f  shell : Odshel \  = idshell 2(t516sh) 

Inner  c r o s s  sec t iona l  void a rea  of s h e l l :  

Acrsh X(idZShetL - od*pi,)/4 

Longest length  between supports :  

Mid po in t  of  length :  

Gap o f  void: 

Radius o f  l ead :  

Angle of eva lua t ion :  

Poisson's rati .0 f o r  carbon steel (Reference 8): vCstl = 0.3 

15, = 2 . 5  f t  

zSh = 1 5 d 2  

gap = ( j d s h e l l  - odp,,)/2 

r,, = odpiJ2 +. gap 

e,.= 180 deg 

gap = 2 i n  
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Drawing H-2-83734 . -. . - . DOC. NO. 101-SY-OROP-03 n 

Orig ina to r  S .  S .  Shiraqa .& r. 

Checker S. R. Crow&"M 

Densi ty  of  l e a d  (Reference 13, page 398): p+ = 0.4096 lbs / in3  

Assume 65% d e n s i t y  of shot:  pshor = 0.65 p * ,  

Weight of  1 ead between 

Assume weight of l e a d  

Cross sec t iona l  

Smear dens i ty :  

Load between suppor ts  
using membrane theory  

Tangenti  a1 s t r e s s  : 

Longitudinal s t r e s s :  

=1 

supports  : 

'spb = Acrsh Pshot "6 

wSpb - 3,312 l b s  

smeared over  the e n t i r e  c r o s s  sec t iona l  a rea :  

a rea :  A, - n/4 odshell 2 

P ynr - W,pd(Asmr 156) 

a t  angle  of eva lua t ion ,  stress due t o  l e a d  slump modeled 
of pipe f i l l e d  between suppor ts  with a flowable ma te r i a l .  

at = 7,133 psi 

a L  = 1,793 psi 

Shear stress: 

ashr = 0 psi  

Total  s t r e s s  a t  maximum d e f l e c t i o n  ( a t  c e n t e r  of l e n g t h ) :  

apbrot = at  t a t  t Qshr 

= 8,926 psi - "+tot 
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Drawing H-2-83734- Doc. No. 101-Sf-DROP-03 P a g e 2  of 31 
Building Tank 241-SY-101 Rev. 0 J o b  .No. 
Subject OroD Evaluation Loaded and Par t ia l ly  Shielded (101-SY) 
Originator S. S. Shiraaa Date 08/01/94 
Checker S. R .  Crow -CL&?/ Date 08/31/94 

Margin of Safety: 

MS,, = 1.61 OK 

Weld on S t i f fener  Rings: . . .  

Evaluate circumferential f i l l e t  welds joining the 
t o  the inner containment pipe. 

Weld size: w,, - 0.500 i n  , 

Diameter of weld i s  00 of pipe: 

Assume welds are 

odpip: 64 in 

Largest moment on outer  t o p  end plate ,  model as p 
w i t h  no support from outer shell  or top cap flange. 

s t i f fen ing  rings and end p 
/ 2  inch f i l l e t s  bo th  s ides  

a tes  

pe welded t o  s t i f fening ring 

Evaluate weld per AWS, Reference 11, page 7 . 4 - 7 .  

Stiffening Ring and Outer Flange  

M 
Y 

LI 
V 

Figure 8 
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Drawing H-2-83734 Doc. No. 101-SY-DROP-03 P a g e 3 1  of 31 
Building Tank 241-SY-101 
Subjec t  Drop Evaluation Loaded and P a r t i a l l y  Shielded (IOI-SYI 
Orig ina to r  S. S. Shi ra  
Checker S. R .  Crow 

' Rev. 0 Job No. 

Date 08/01/94 
Date 08/31/94 

Trea t  the  welds a s  a l i n e  .in bending: 

Linear  Force on welds,  assum 

0d;iPe s,, = x - 
4 

ng welds equal ly  sha re  t h e  oad : 

fb  - 160 lbs / in  

AWS al lowable f o r  f i l l e t  welds used in  Bridge Construct ion f o r  ASTM A-36 material  
with th ickness  g r e a t e r  than 1 inch using E60. o r  SAW-1 Electrodes and assuming 
p a r a l l e l  loading,  Reference 10 and Reference 11, page 7.4-8. 

saws = 8,800 ps i  

fa,, = 3,111 lbs / in  

MS,,, = 18.44 OK 
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TO: Richard F. Carlstrom 62-0.2 

Rev. 0 

DATE: 7/25/94 

FROM: Harold E. Adkins, Jr. 62-03 
Telephone: 376 - 9703 

cc: J. W. Thornton 
S .  R. Crow 
M. J. Ostrom 
T. C. Mackey 
C. E. Brewer 

62-03 
62-03 
H5-68 
S2-03 
S3-15 

SUBJECT: 101-SY TRANSPORT PACKAGING TIEDOWN ANALYSIS 

The 101-SY tiedown analysis has been completed based on a tiedown 
configuration which is shown in figure 1. All analysis was based on a fully 
lead shielded 101-SY package containing a 19,427 lb payload (approximate total 
weight = 138,800 lbs). 

The results of the analysis indicate that the cables for this tiedown 
configuration must have a minimum load capability of 15,430 lbs for each of 
the-sixteen (16) cable legs. These cable legs are approximately 81 inches in 
length. To remain consistent with the analysis performed on the rip-out 
capability of the container tiedown tabs,-shackles with a pin diameter o f  1- 
5/8 inches, must be used. It is suggested by the analyst to implement a 
double jaw end turnbuckle to minimize exposure time and to aid in pre- 
tensioning the tiedowns. These such devices must meet or exceed the working 
load limit of the cables they are being used with. It is important for 
interested parties to note that all of the tiedown components mentioned above 
are avail able through McMaster-Carr supply company and photocopies of these 
components are attached at the end of the analysis. 
are left to the discretion of the rigging crew responsible. 

An important note that should be brought to the readers attention is as 
follows. 
the main transport trailer and the manner in which the container is being 
restrained (tie-downs), a low-cycle fatigue failure analysis o f  the main 
transport trailer is recommended. 

Pre-tensioning procedures 

In light o f  the fact that the container stiffness exceeds. that of 

The analysis, consisting of hand calculations, were checked by 5. R. Crow and 
are attached. 

$4-3000-101 (12/92) GEFO14 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. No. (3) Page - I of- /6 
N2B6D (6) Job No. Zero (5) Rev. General (4) Building 

101-SY TILT-TRAILER T'IEDOWN ANALYSIS (7) Subject 

Date (8) Originator Harold E. Adkins, Jr. 

d& Date 7-zs-94 S t a n R  Crow (9) Checker 

(10) 

101-SY TTLT-TRAILER TEDOWN ANALYSTS 

Phase I of bearing load analysis: 

Assumptions: 
- Determine bearing load capability of container strongback-attachment points 

- To meet the requirements of 10 CFR 71.45 (b)(l), only the rigid mount points that mate 
with the strongback are considered for calculating critic4 bearing stress. This will give 
a conservative approximation considering the fact that the container will also be tied down 
using cables that directly attach From container tiedown points to the trailer. 

4 

- 
W = 135500.1bf Maximum weizht of h l ly  shielded container (Shielded to column 

line 25 w/Lead on Drawing 9 H-2-83734) & (19,427 Ibf 
payload - pump) 
- Calculation of this value attached at the end of this analysis 

W, =30000.1bf 
S =360o0.psi 

S = 580o0.psi 

. Maximum weight of strongback 
Yield Strength of ASTM A-36 (From ASiWE Section VIII. Div I )  

Ultimate Strength of ASTM A-36 (From ASME Section VIII. Div I ) 

Critical Bearing Stress Of Strongback Mounting Points: 

Fpcr / Fy = le / d 

I e :=4.5.in 

d :=2.257.k 

(C-J3-1 AISC - Steel Construction) 

Minimum distance From free edge (including ring thickness) 

Minimum accountable bolt diameter for a 2.5 inch diameter bolt 
(From "Ai NTRODUCTION TO THE DESIGN XYD 
BEHAVIOR OF BOLTED JOINTS" - John H. Bickford) 

ASTM A-36 yield strength 

Critical bearing stress 

. 

F = S  Y -  Y 

F = 7.178. lo4 psi 

t lug '= 2.0. in Thickness of attachment lug 

86-204 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. No. (3)Pagr 7 or 26 
(6) Job No. Zero (5) Rev. General (4) Building 

(7) Subject . / 

(8) Originator 

(9) Checker StanR Crow Date 7-tr-74- 

101-SY TILT-TRAILER “EDOWN ANALYSIS 

‘ Date .’ /&d /? HaroldE. Adkins, Jr. 

lugd a lug := t Projected stress area 

Maximum load capability 

Load max ~ 3 . 2 4 -  10’ 4bf Q 

- From 10 CFR 71.45 @)(I), the attachment points on the container must be capable of 
withstanding wlo exceeding yield: 

- 10 X weight Longitudinal 
- 5 X weight Lateral 
- 2 X weight Vertical 

G ~ ~ ” ~ : = 1 0  G L ~ ~  = 5  G‘vcrt.=2. 

Longitudinal Loading Case: 

N h n g  :=4 Number of effective longitudinal load bearing points (Strongback mount points) 

GLong.Wc 
Load Long := 

Long 
Load Long = 3.47- 10’ dbf 

MS Long =-0.066 d 

Alternate Assumption: (More realistic) 
- For the longitudinal load case, the load capabilty of the tiedown points on the contamer 

- The trailer and strongback are rigid fixtures. 

can be incorporated. 

- Aggregate load condition. 

Critical Bearing Stress Of Tiedown Points: 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. N6. (3) Page -of- 3 / L  

(8) Originator Harold E. Adkins, Jr. /fid &/ Dare 7/Z.G// 

(6) Job No Zero (5) Rev. General (4) Building 

(7) Subject 101-SY TILT-TRAILER TEDOWN ANALYSIS 

(9) Checker Stan R ‘Crow Date 7-Zre?& 

(10) 

Fpcr / F,, 1, / d (C-J3-1 AISC - Steel Construction) 

F y : = S y  

F = 4.776- 10‘ -psi 

Minimum distance from free edge (including ring thickness) 

Hardware diameter 

ASTM A-36 i e l d  strength 

Critical bearing stress 

Thickness of attachment lug 

Projected stress area 

Maximum load capability 

M bng :=8 Number of effective longitudinal load bearing points (Tiedown points) 

LoadLong = 1.157.105 -1bf 

MS 1 = I  sot ‘c (Strongback mount  points) 

(Tiedown points) MSZ ~ 0 0 0 7  Q 

* All of these points would behave in an aggregate fashion anyway. 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. No. (3) Page - of- / L  
(6) Job No. Zero (5) Rev. General (4) Building 

0) Subject ,4. 
101-SY TILT-JYALER TIEDOWN ANALYSIS 

Harold E. Adkins, Jr. c 
, @)Originator .. 

Vertical Loading Case: 

1 e :=4.094*h 

d :=2.0.h 

F pQ = 7.369. IO' psi 

t lug:=2.0.in 

a lug = t  1ug.d 

Minimum distance from free edge 

Hardware diameter 

ASTM A-36 yield strength 

Critical bearing stress 

Thickness of attachment lug 

Projected stress area 

Maximum load capability 

N vert:=4 Number of effective vertical load bearing points 

Load vert ~6.94-10' *Ibf 

Lateral Loading Case: 

- For the lateral case, in light of the fact that the container is fixed in the strongback. only a 
shear load on the connecting welds of two of the attachment points will be considered This 
load will be applied to the welds connecting the mounting plates to the stiffening nngs 
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(1) Drawing (2) Doc. NO. (3) Page 5 of /d 
(6) Job No. Zero (5) Rev. General (4) Building 

(7) Subject A ,  

(8) Originator Harold E. Adkins, Jr. 

101-SY TILT-TRAILER TIEDOWN ANALYSIS 

Date 7/25//?. 

weld cE:=0.3 Weld efficiency based on AWS D1.l (Shear load) 

Arcaweld'=(2).(2). 2 

M S h t = 0 . 1 6 6  '0 

Stiffening Ring Weld Strength: 

- Determine stress in stiffening ring welds, 
The stiffening rings were welded to the 64" diameter pipe using a 5/16" weld on both sides of 
the ring as per AWS D1.l. The allowable load on the fillet welds shall be equal to the product 
of the weld area (based on minimum leg dimension) the allowable stress value in shear of the 
material being welded and ajoint efficiency of 30 % of ultimate. 

- Taking only the attachment point stiffening ring welds into account. 

N we,d .= 2 Number of welds per stiffening ring 

5 .  weld leg : = 16.m 

pipe dam := 64.0.k 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. No. (3)Page 6 or 16 
(4) Building General (5) Rev. Zero ( 6 )  Job No 

(7) Subject 

(8) Originator 

(9) Checker 

101-SY TILT-TRAILER TIEDOWN ANALYSIS 

I -  Y Y L I .  . < 7 - c  . , Harold E. Adkins, Jr. 

Date 7-25-34 Stan R Crow * '  

G Veri Wc MSvert = (  S U  - 1 )  meld  vert '= 
meld vert Area Weld 

End-cap weld 

The purpose for these above calculations is to show that the strongback attachments are able to 
carry portions of the tiedown load ifneeded. 

Phase II of bearing load analysis: 
- Determine bearing load capabiIity of stiffening ring tiedown tabs 

Assump tions: 
- To meet the requirements of 10 CFR 71.45 (b)( 1), only points at which the cables attach to 
the container will be analyzed using moment combinations taking in to account the weight of 
the strongback at its CG wise location. The pivot point w i l l  be the pivot-pins on [he 

- Fourattachment points per side will be used Eight cables per side in a "V" configuration as 
shown in figure 1 (TILT-TRAILER TIEDOWN CONFIGURATION) presented before 
this analysis] 

- The container is hlly shielded to column line 25 in reference to drawing number H-7-S3734 

- The container behaves as a rigid body. 

* - From 10 CFR 71.45 @)(I), the attachment points on the container must.be capable of 
withstanding w/o exceeding yield: 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. No. (3) Page - 7 of- 16 
(6) Job No. Zero (5) Rev. General (4) Building 

(7) Subject I 

(8) Originator 

101-SY TILT-TRAILER TIEDOWN ANALYSIS 

c Date Harold E. Adkins, Jr. ,. , 
Date l - Z S - ? &  StanR. Crow (9)  Chctkcr 

Y 

(10) 

- 10 X weight Longitudinal 
- 5 X weight Lateral 
- 2 X weight Vertical 

Longitudinal Loading Case: 

This load case was analyzed arid it was determined that the attachment points were adequate. 
The load case results are presented in Phase I above. 

Vertical Loading Case: 

Using the free-body diagram on the next page (Section A) and implementing a summation of 
moments and forces, the maximum subjected force to the tiedown lugs is determined to be. 

 load^^ = 1.16+10J dbf Critical bearing load capability of tiedown points from above 

Load Max 
MS vert := ( 

- 1) Vertloadmax 

Lateral Loading Case: 
This loading case will be ignored due to two facts. The strongback connections provided on the 
container alone were found to be adequate in reference to withstanding the total subjected load. 
These results are shown in phase I of this analysis. Also, a lateral restraindsupport device will be 
provided on the trailer coming in contact with the container at column line 24. This is shown in 
figure 1 (TILT-TRAILER TIEDOWN CONFIGURATION) presented before this analysis. 
However, the stiffening ring welds needs to be check for the possibility of failure. This 
verification follows. 

Using a summation of moments around the strongback pivot-pin, 

Momentsum = = ~ a t * ~ e n ~ h C G c o n t * w ~ ~ L e n s h C G s ~ r o ~ g b a c k -  ws) 

Len~h la t load*ForC~a t  
. * *  Continue to page 9 ** 
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(1) Drawing (2) Doc. No. (3)Page 9 of /& 
(6) Job No. Zero (S) Rev. General (4) Building 

(7) Subject 

(8) Originator Harold E. Adkins, Jr. ' Date 7/zs/pf/ 
101-SY TILT-TRAILER TIEDOWN ANALYSIS 

(9) C h e c k  Stan R. Crow. -kc! Date 7-u-74 

where 

G b t = 5  Lateral G-load value based on 10 CFR 7 1 45 (b)( I ) 

W, = 1.388.10' -1bf Total container weight 

W,=3.104 4bf Strongback weight 

h g t h  CGcont :=26.918.A Distance From pivot-pin to container CG 

h g t h  C@&ongback := 15.0-ft Distance From pivot-pin to strongback CG 

Length i a a o d  = 51.23.11 Distance from pivot-pin to column line 2 1  (&here lateral load 
restraintlsupport device comes in contact with container 
stiffening ring 

Force Lat : = Lat' (h@ CGcont'W c $- CGstrongback' S) 

Len@ latload 

 FOWL^^ = 4.086.10' 4bf 

The stiffening rings were welded io the 64" diameter pipe using a 5 /  16" weld on both sides of 
the ring as per AWS D 1.1. The allowable load on the fillet welds shall be equal to the product 
of the weld area (based on minimum leg dimension) the allowable stress value in shear of the 
material being welded and a joint efficiency of 30 % of ultimate. 

- Taking only the attachment point stiffening ring welds into account, 

N weld = 2 Number of welds per stiffening ring 

weld = 0.3 13 .in 1% 

pipe dm = 64 .in 

. .  
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(1) Drawing (2). Doc. No. (3)pagr /d of /Z 
(6) Job No Zero (4) Building General (5) Rev. 

(7) Subject 101-SY TILT-TRAILER TJEDOWN ANALYSIS 

(8) Originator Harold E. Adkins, Jr. . Date 7/2</9? 
(9) Checker StanR Crow W~&Z./ Date 7 - t s - 9 4  

Ring weld := N weld.[ :-[[pipe dim + 2. (weld leg) 1’- pipe drn2]] Area of stiffening ring welds 

weld = 0.3 

Cable Analysis: 

- Determine the minimum load carrying capability that the cables must display 

Assumptions: 

- The container, trailer and strongback behave as rigid bodies. 
- The pivot point will be the pivot-pins on the strongback. 
- The elevational difference between the pins and the CG of the container is of no 

- The tiedown system must be capable of retaining the payload when subjected to a I S G 

significance. 

acceleration in the lateral, longitudinal, or vertical direction. 

Longitudinal Loading Case: 

- Ifwe assume a yield strength of 108,000 psi for the MSI 43.10 3 inch diameter steel 
strongback pivot-pins (which is highly conservative), the maximum load carrying capability (in 
shear) of the two pin is, 
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(1) Drawing (2) Doc. No.. (3) Page - // of- /6 
(4) Building General (5) Rev. Zero (6) Job No. 

(7) Subject 101-SY TILT-TRAILER TIEDOWN ANALYSIS 

(8) Originator Harold E. Adkins, Jr. +5&/ / Date 7/s/9Y 
Dale T - z s 4 k  StanR Crow (9) Checker 

Acc := 1.5 Subjected G-load 

N shear :=4 

D i m  := 3 .h  P.ivot-pin Diameter 

Number of shear planes 

* X-sectional area of pin 4 Pin 
n Area :=-.Dim 

Sy := 108OOO.psi Yield Strength of pin 

SY pin 
xpin =y S'hrar capability of pin 

may = N.shcar'' pin Area pin 

LOAD max = 1.527- IO6 -Ibf - 
- If'the pivot-pins are relied upon to restrain the load of the container and strongback, and 

considered as the tiedown system in the longitudinal loading direction, 

W = 1.388- 10' 4bf Total container weight 

W,=3*104  .Ibf Strongback weight 

- Now to check the strength of the strongbacWcontainer interface bolts to assure restrain[ 
capability. 

N shear :=4  Number of shear planes 
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DESIGN CALCULATIONS 

(1) Drawing (2) Doc. NO. ( 3 ) ~ a g e  /Z’ of / d  
(4) Building 

(7) Subject 

(6) Job No. Zero (5) Rev. General 

101-SY TILT-TRAILER TEDOWN ANALYSIS 

(8) originator Harold E.’ Adkins, Jr. /yd&* Date 7/Z5/9Y 
(9) Checker S t a n k  Crow Date . ~ - Z s - ~  

(10) 

D i m  bolt = 2.257.h Minimum accountable bolt diameter for a 2 5 inch diameter bolt 
(From “AN INTRODUCTION TO THE DESIGN AiiD 
BEHAVIOR OF B O L X D  JOINTS” - John H. Bickford) 

X-sectional area of each bolt 

Yield Strength of bolts - ASTM A-449, Type1 
(From ASME Section Vm, Div. 1) 

Shear capability of each bolt 

hiax “ Shcar ‘bolt Area bolt 

LOAD M ~ ,  = 4.64 I * 10’ -1bf 

LOAD .= ACC. (W + w s) 

MSbolt =0.833 * Obviously, the pivot-pins will restrain the load 

Lateral Loading Case: 
The transport trailer to be used is again shown in figure 1. It has  been equipped with a lateral 
restraindsupport device which is shown supporting the container at the tractor-end of the trailer. 
It was specified that the trailer manufacturer must design and build this device to withstand a 
150,000 Ib force acting laterally. This device in conjunction with the pivot-pin platform, was 
meant to provide container restraint in the lateral direction. 

- Keeping in mind that the pivot-pin platform must withstand a load subjected to it by a 
wind-loaded, unshielded 72,927 lb container (including payload), the platform structure is 
assumed to be adequate for providing its portion of lateral restraint. 

- Now.to check if the lateral restraindsupport device can withstand the subjected loads. 

Using a summation of moments around the strongback pivot-pin, 
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(1) Drawing (2) Doc. No. (3) Page 13 of /L 
(4) Building 

, 
(6) Job No Zero (5) Rev. General 

101-SY TILT-TRAILER TEDOWN ANALYSIS (7) Subject 

(8) Originator Harold E. Adkins, Jr. /&$&/ Date 7/z579q 
(9) Checker StanR Crow @a' I Date T--C$-q& 

(10) 

Moment,,, = 0 = ka<(?-en@hCGcont *Wc+Len@kCTstrongback*ws) 

- Len@hlatload*Loadsubjected 

Load capability of lateral restraindsupport device 

Lateral G-load value 

Total container weight 

Strongback \\,eizht 

Distance from pivot-pin to container CG 

Distance from pivot-pin to strongback CG 

Distance from pivot-pin to column line 24 (where lateral 
load restrainthpport device comes in contact with 
container stiffening ring 

h a d  = 1.226.10' .Ibf 

- ~i Load capability 

Load subjected 

Vertical Loading Case: 

Using a fiee-body diagram and implementing a summation of moments and forces, the 
maximum subjected load at a cable connection can be determined. Taking all cable angles in 
to consideration, this value can then be used to determine the maximum cable load. These 
calculations follow. (Section B) 
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( 1 )  Drawing (2) Doc. No. (3) Page 15 of- /6  
(4) Building C d e - d  / (5) Rev. =&‘VU (6) Job No. 

(7) Subject /o/-.zf T/ / -  J/a/l/PY z’&c/o*yr A/la/rz/’S , 
(8) Originator /tC/@/d E. &&S, JV: Ndfi Date. 7 - z / - P y  
(9) Checker YLm ‘ Date 7 - 2 5 - 9 4  

/a - 31.5 I c 27.75 - 
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(1) Drawing (2) D k .  No. (3) Page ,- 16 of /6 
(6) Job No. Zero (5 )  Rev. General (4) Building 

(7) Subject 

(8) originator Harold E. Adkins, Jr. /&d,&, Date 7/zg//y 

(9) Checker 

(10) 

From Section B it is shown that, 

101-SY TILT-TRAILER TIEDOWN ANALYSIS 

Date 7-2s -94  Stan R Crow 

dj :=67.73-h 

Vertlod max := 13056-lbf 

0 :=23.deg 
4 

each cable leg length is 

Cable leg = 80.04 1 .in * 

and the maximum subjected cable load, that each particular cable leg must withstand. IS 

All cable material and cabling apparatus must be chosen to meet or exceed this value. 
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1 O l S Y  CG Calculations for various shielding conditions Analysis by: Tim Saffell 
Date: July 18, 1994 

Weight of Container(no shielding, no pump) 

wmat :=53500.lbf (Weight plus 800 Ibf for the additional saddle plate support) 

CG ao&.ld := 3 11.54-in (of container wo/pump from Ansys) 

W pump := 19427.lbf 

pay :=wcOnt + pump 

Pay w = 7.293- 10' .Ibf (no shielding) 

Annulus Area for Shielding 

n 
4 

A, .=-.(6S2- 64').k2 A, =2.88.A2 ' 

Lengths for shielding 

1 14 :=27.ft+ 5.25.h- 12.1.5-in- 1.7S.h 1 14=2S.792*ft 

Ibf Mass of shielding(1ead shielding. densiiy=0.270 lbfhn^3) p : I )  ' 7  - 
3 

ffl 

14 = I  1CAm.P W l4=3.46S.10' 4bf 

Moments 
I 1 4 +  12.1.5.iny 175.111 

2 
C W  pump 390 7 5  tn tot14 '= noshield 14. 

I full t 23.1 5.m t I 7 5 . ~ 1  

2 
r w pump 390 75 in totfull = noshield + full' 

Total Weight 

w 14 : = w a n t +  W 1 4 + ~ p m p  w 14 = 1.076*10' *Ibf 

w f ~ l l =  1.388*10' .Ibf P W P  wfull =wmnt+ Wfull+W 

CGs 
tot14 

14 

totfull CGful1.z- 
tidl 

CG 1 4 ' ~ -  
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7.0 THERMAL EVALUATION 

7.1 INTRODUCTION 

Internal heat generation of the contents shal l  not prevent the package 
from maintaining i t s  i n t eg r i ty  during the specif ied l i f e t ime  o f  the waste 
package. 
assumptions as required t o  determine i f  the package i s  capable of passively 
t ransfer r ing  the heat load t o  the environment or i f  spec i f i c  cooling devices 
a re  necessary. 

Eva1 ua t  i on of heat t r ans fe r  data  wi 11 i ncl ude i nformat i on or 

7.2 THERMAL SOURCE SPECIFICATION 

From. a waste generation study (WHC 1994a), Table 82-1 in P a r t  B, 
Section 2 . 1 ,  provides the  a c t i v i t y  of radionuclides estimated t o  be attached 
t o  the mixer pump based on an estimated 3 mm thick fi lm of t a n k  waste material 
attached t o  spec i f i c  areas of the pump and l iqu id  h o l d u p  of 68 gallons inside 
the  pump. This i s  considered the "worst case'' waste tha t  will  be attached t o  
and contained ins ide  the pump and will be used fo r  calculat-ion o f  the internal 

. thermal heat load (decay heat)  for  the shipping container.  

7 .3 '  SUMMARY OF THERMAL PROPERTIES OF MATERIALS 
' The absorption fac tors  f o r  yellow and white paint which may be used t o  

coat the  shipping container a re  0 .8  and 0.15, respect ively.  

7.4 . THERMAL EVALUATION FOR NORMAL TRANSFER CONDITIONS 

7.4.1 Conditions t o  be Evaluated 

The thermal evaluation f o r  the HMMP Package i s  provided in Part B ,  
Section 7.6.  The evaluation examined the thermal cha rac t e r i s t i c s  of loading 
and s tor ing  o f  t he  HMMP in the shipping container.  
temperatures were calculated f o r  combined heat sources from internal  decay 
heat and external so l a r  heating us ing  the TAP-A computer code 
(WHC-SD-FF-ER-050). Thermal predictions were obtained f o r  a r e l a t ive ly  h i g h  
absorption f a c t o r  t h a t  i s  typical fo r  standard yellow paint used f o r  shipping 
containers .  Additional predictions were obtained using a r e l a t ive ly  low 
absorption f ac to r  t h a t  i s  avai lable  in a white paint .  Figure 1 in P a r t  B, 
Section 7.6,  describes the pump and container arrangement. 

Steady s t a t e  and t rans ien t  

Three conditions were examined for  a yellow painted container w i t h  
decay heat and s o l a r  inso la t ion ,  a yellow painted container with no  decay heat 
and only so l a r  inso la t ion ,  and a white painted container with both so l a r  
insolat ion and decay heat.  
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7.4..2 Acceptance C r i t e r i a  

The maximum a l lowab le  t empera tu re  f o r  the sh ipp ing  c o n t a i n e r  s u r f a c e  i s  
180 O F .  

7.4.3 Thermal Model 

The thermal  model o f  the  pump and sh ipp ing  c o n t a i n e r  i s  a one 
dimensional  c y l i n d r i c a l  r a d i a l  s e c t i o n  us ing  dimensions t aken  a t  the  maximum 
pump d i a m e t e r  a t  the v o l u t e  r eg ion .  F igu re  2 i n  P a r t  B, S e c t i o n  7 . 6 ,  
i l l u s t r a t e s  t he  model. Combined decay h e a t  from 68 g a l l o n s  of  r e t a i n e d  t a n k  
was te  and s u r f a c e  f i l p  was assumed a s - u n i f o r m l y  d i s t r i b u t e d  l e n g t h  wise and 
amounted t o  6 . 4  x 10- W/in (0 .88  W). Th i s  was conve r t ed  t o  a vo lumet r i c  
v a l u e  i n  the-model  . S o l a r  h e a t  i s  a p p l i e d  to’  the e x t e r n a l -  s u r f a c e  of  the  
model i n  the  form o f  t a b u l a t e d  s u r f a c e  h e a t  fluxes f o r  s p e c i f i c  t i m e s  i n  a 24 
hour  p e r i o d .  Values o f  hour ly  s o l a r  i n s o l a t i o n  were ob ta ined  from 
WHC-SD-TP-RPT-005 a s  recommended . for  the Hanford S i t e  (Table  1 i n  P a r t  B ,  
S e c t i o n  7 . 6 ) .  Thermal r a d i a t i o n  and convec t ion  h e a t  l o s s e s  a r e  c a l c u l a t e d  
r e l a t i v e  t o  the s t a n d a r d  Hanford ambient t empera tu re  24 hour v a r i a t i o n .  

7.4.4 Thermal Anal ys i s. 

c o n t a i n e r  which has  two h e a t  s o u r c e s :  
T r a n s i e n t  t empera tu res  were c a l c u l a t e d  f o r  t h e  pump and sh ipp ing  

1.  Dai ly  v a r i a t i o n s  of  ambient tempera ture  and s o l a r  i n s o l a t i o n .  

2.  Cons tan t  decay h e a t  from 68 g a l l o n s  o f  t a n k  was te  t h a t  i s  r e t a i n e d  
i n s i d e  the pump and a f i l m  on the e x t e r n a l  s u r f a c e s  o f  the pump.  

The d i s t r i b u t i o n  o f  decay h e a t  from 68 g a l l o n s  of  r e t a i n e d  t a n k  was te  
and f i l m  was c o o r d i n a t e d  w i t h  the  s h i e l d i n g  e v a l u a t i o n  and i s  the  same b a s i s  
used i n  t h i s  thermal  e v a l u a t i o n ,  namely, the  combined decay h e a t  s o u r c e  i s  
un i formly  d i s t r i b u > e d  a long  the  l e n g t h  which amounts t o  a r e l a t i v e l y  small  
va lue  o f  6 . 4  x 10- W/in (0.88 W ) .  Table  2 i n  P a r t  B ,  S e c t i o n  7 . 6 ,  shows 
these c a l  cul a t i  ons .  

Three  c o n d i t i o n s  were examined a s  fo l lows :  

1.  A ye l low p a i n t e d  c o n t a i n e r  ( 0 . 8  a b s o r p t i o n  f a c t o r )  w 
and s o l  a r  i nsol  a t  i on. 

A ye l low p a i n t e d  c o n t a i n e r  wi th  no decay h e a t  and on 
i nsol  a t  i on.  

2 .  

t h  decay hea t  

y s o l a r  

3 .  A w h i t e  p a i n t e d  c o n t a i n e r  ( 0 . 1 5  a b s o r p t i o n  f a c t o r )  wi th  s o l a r  
i n s o l a t i o n  and decay h e a t .  
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7.5 THERMAL EVALUATIONS AND CONCLUSIONS 

The maximum a l l o w a b l e  temperature f o r  t h e  c o n t a i n e r  e x t e r n a l  s u r f a c e  i s  
180 O F .  Peak temperatures f o r  a y e l l o w  p a i n t e d  c o n t a i n e r  w i t h  s o l a r  
i n s o l a t i o n  and decay h e a t i n g  a r e  p r e d i c t e d  t o  exceed t h e  a l l o w a b l e  l i m i t  o f  
180 O F  as shown i n  F i g u r e  3 ( P a r t  B, Sec t i on  7.6). Removal o f  t h e  u n i f o r m l y  
d i s t r i b u t e d  decay hea t  has no d i s c e r n a b l e  i n f l u e n c e  on reduc ing  t h e  peak 
tempera ture  f o r  t h e  y e l l o w  p a i n t e d  c o n t a i n e r  as shown i n  F i g u r e  4 ( P a r t  B, 
Sec t i on  7.6).  S o l a r  h e a t i n g  i s  t h e  dominant heat  source. Reducing s o l a r  
a b s o r p t i o n  can s i g n i f i c a n t l y  reduce peak temperatures.  F i g u r e  5 ( P a r t  B, 
S e c t i o n  7.6) shows r e s u l t s  o f  t r a n s i e n t  p r e d i c t i o n s  f o r  a w h i t e  p a i n t e d  
c o n t a i n e r  hav ing  an abso rp t i on  f a c t o r  o f  0.15 w i t h  peak temperatures under 
125 O F .  The i n t e r n a l  temperature o f  t h e  pump i s  seen t o  r i s e  s l o w l y ,  b u t  i s  
n o t  expected t o  exceed approx imate ly  105 OF. 

Per Drawing H-2-83734, t h e  sh ipp ing  c o n t a i n e r  e x t e r n a l  s u r f a c e  i s  

Pressure i nc rease  i n s i d e  t h e  

p a i n t e d  w i t h  a t o p  c o a t  o f  Ameron 450 HS White. 
e x t e r n a l  s u r f a c e  r e l a t e d  t o  s o l a r  h e a t i n g  w i l l  n o t  exceed 125 OF, hence t h e  
tempera ture  l i m i t  o f  180 O F  i s  s a t i s f i e d .  
s h i p p i n g  c o n t a i n e r  w i l l  be i n s i g n i f i c a n t  w i t h  t h e  i n t e r n a l  temperature n o t  
exceeding 105 O F .  

The peak tempera ture  o f  t h i s  
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Westinghouse Internal 
Hanford Company Memo 

From: TWRS Thermal Hydraul i cs 7E870-JCG-94-057 
Phone: 376-6588 HO-33 
Date: Ju ly  1 2 ,  1.994 . 
Subject: THERMAL EVALUATION SYlOl HYDROGEN MITIGATION MIXER PUMP (HMMP) 

CONTAINER 

To : R .  F. Carlstrom 62-62 

cc: J .  G .  Fadeff HO-33* 
J .  3.  Irwin HO-33* 

?CG File/LB 
w/o attachment 

T.  B. McCall HO-33 

Attached i s  a descr ipt ion o f  the thermal evaluation of a proposed shipping 
container f o r  the  SYlOl Hydrogen Mitigation Mixer Pump ( H M M P ) .  The pump i s  
60 f e e t  long, has a maximum diameter of 53 inches, and weighs a b o u t  20,000 
pounds.  
t o  form an annulus f o r  shielding material ( lead b a l l s )  . The outer  diameter 
o f  the  carbon s t ee l  container i s  6 f e e t .  When the pump i s  removed from 
SYlOl i t  r e t a ins  a b o u t  68 gallons o f  radioactive l iquid in addition t o  an 
external covering o f  f i lm.  
x low3 watts / in  f o r  a to ta l ’  of 0.88 watts. 

The container design i s  65 f e e t  long and uses concentric cylinders 

These r e l a t e  t o  a l i nea r  decay heat value o f  3 . 3  

The container will  have two sources o f  heat,  namely, decay heat and so la r  
heat.  For t h i s  container so la r  heating dominates temperatures. The 
evaluation includes temperature predictions fo r  high so lar  absorption t h a t  
i s  common with standard yellow paint and s igni f icant ly  lower absorptions by 
using a white painted ex te r io r .  

All r e s u l t s  and re la ted  information have been stored in the Task  Record 
THA-94-012. 

J .  C .  Guzek, Fellow Engin.eer 
TWRS Thermal Hydraul i cs . 

s kw 
-.  

* Attachment -- 

CONCURRENCE: 
T .  B.  McCall , Manager 
TWRS Thermal Hydraul i c s  . 

Hanford Operations and Engineering Contractor for the US Department of Energy , 
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THERMAL EVALUATION SYlOl HYDROGEN MITIGATION 
MIXER PUMP (HHMP) SHIPPING CONTAINER 

Prepared by: 
J, C .  Guzek, Fellow Engineer 
TWRS Thermal Hydraulics 

Reviewed by: . 

J .  J .  Irwin, Principal Engineer 
TWRS Thermal Hydraul i c s  
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FIGURES 

Figure  1. SYlOl Mixer Pump (HMMP) S t o r a g e  Con ta ine r .  
F igu re  2.  TAP-A Thermal Model. 
F igu re  3 .  HMMP Con ta ine r  S o l a r  and I n t e r n a l  Decay Heat.  
F igu re  4 .  HMMP Con ta ine r  S o l a r  and No I n t e r n a l  Heat. 
F igu re  5. HMMP Con ta ine r  Decay and S o l a r  Heat - White P a i n t .  

TABLES . 

Table  1. 
Table  2 .  

S o l a r  I n s o l a t i o n  f o r  An Average J u l y  Day a t  Hanford S i t e .  
* HMMP Con ta ine r  Decay Heat C a l c u l a t i o n  

B7-7 



WHC-SD-TP-SEP-026 Rev. 0 

SCOPE 

MODEL 

METHOD 

THERMAL EVALUATION SYlOl HYDROGEN MITIGATION 
MIXER PUMP (HMMP) SHIPPING CONTAINER 

This e v a l u a t i o n  examined the thermal c h a r a c t e r i s t i c s  o f  l o a d i n g  
and s t o r a g e  of  the SYlOl HMMP i n  a c o n t a i n e r .  S teady  s t a t e  and 
t r a n s i e n t  t empera tu res  were c a l c u l a t e d  f o r  combined h e a t  s o u r c e s  
from i n t e r n a l  decay he.at and e x t e r n a l  s o l a r  h e a t i n g  us ing  the  TAP- 
A computer code (Reference  1 ) .  Thermal p r e d i c t i o n s  were ob ta ined  
f o r  a r e l a t i v e l y  high a b s o r p t i o n  f a c t o r  of  0 .8  t h a t  i s  t y p i c a l  of  
the s t a n d a r d  ye l low p a i n t  g e n e r a l l y  used f o r  sh ipp ing  c o n t a i n e r s .  
Add i t iona l  p r e d i c t i o n s  were ob ta ined  us ing  a r e l a t i v e l y  low 
a b s o r p t i o n  f a c t o r  o f  0.15 t h a t  i s  a v a i l a b l e  i n  a w h i t e  p a i n t .  
F igu re  1 d e s c r i b e s  the HMMP and c o n t a i n e r  arrangement .  

The thermal model of  the Pump/Container i s  a one dimensional  
c y l i n d r i c a l  r a d i a l  s e c t i o n  us ing  dimensions taken  a t  t he  maximum 
pump d iame te r  l o c a t i o n  a t  the  v o l u t e  r e g i o n .  
the model. Combined decay h e a t  from 68 ga l  of  r e t a i n e d  t a n k  
l i q u i d  and s u r f a c e  film was assumed a? uniformly d i s t r i b u t e d  
l e n g t h  wise and amounted t o  3 .3  x 10- W/in. 
a vo lumet r i c  va lue  in  t h e  model. S o l a r  hea t  i s  appl ied t o  t h e  
e x t e r n a l  s u r f a c e  of the model i n  t h e  form o f  t a b u l a t e d  s u l f a c e  
h e a t  fluxes .for s p e c i f i c  t imes  i n  a 24 hour p e r i o d .  Values of  
hour.ly s o l a r  i n s o l a t i o n  were ob ta ined  from Reference 2 a s  
recommended f o r  the Hanford s i t e  (Table  1 ) .  ' Thermal r a d i a t i o n  and 
convec t ion  h e a t  1 o s s e s  a r e  c a l  cul a t e d  re1 a t  i ve t o  the s t a n d a r d  
Hanford ambient t empera tu re  24-hour v a r i a t i o n  (See Table  1 ) .  

F igu re  2 i l l u s t r a t e s  

Th i s  was conve r t ed  t o  

T r a n s i e n t  t empera tu res  were c a l c u l a t e d  fo.r the  pump-container 
c o n f i g u r a t i o n  w h i c h  has. two h e a t  sou rces :  a )  d a i l y  v a r i a t i o n s  of  
ambient t empera tu re  and so l  a r  i n so l  a t i o n ;  b) c o n s t a n t  decay h e a t  
from 68 gal  of  t a n k  f l u i d  t h a t  i s  r e t a i n e d  i n  the  pump a f i l m  on 
the e x t e r n a l  s u r f a c e s  of  the pump. 

- The d i s t r i b u t i o n  o f  decay h e a t  from 68 gal  of  r e t a i n e d  t a n k  f l u i d  
and f i l m  was coord ina ted  wi th  the s h i e l d i n g  e v a l u a t i o n  and i s  t h e  
same b a s i s  used i n  t h i s  thermal e v a l u a t i o n ,  namely, t h e  combined 
decay h e a t  sou rce  i s  uniformly d i s t r i b u t e d  a l o n s t h e  l e n g t h  which 
amounts t o  a r e l a t i v e l y  small  va lue  o f  3.3 x 10 w a t t s / i n c h .  
Tab le  2 shows t h e s e  c a l c u l a t i o n s .  

Three c o n d i t i o n s  were examined a s  fo l lows :  1 )  a ye l low p a i n t e d  
c o n t a i n e r  ( 0 . 8  a b s o r p t i o n  f a c t o r )  wi th  decay h e a t  and s o l a r  h e a t ,  
2 )  a ye l low p a i n t e d  c o n t a i n e r  wi th  no decay h e a t  and on ly  
i n s o l a t i o n ,  and 3)  a w h i t e  p a i n t e d  c o n t a i n e r  (0 .15  a b s o r p t i o n  
f a c t o r )  w i t h  both s o l a r  and decay heat . ,  
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RESULTS The maximum *a1 1 owabl e temperature f o r  the conta iner  ex terna l  
surface is  180 O . F .  

c o n t a i n e r  w i t h  s o l a r  and decay heating a r e  predicted t o  exceed t h e  
al lowable of 180 O F  a s  shown i n  Figure 3 .  
uniformly d i s t r i b u t e d  decay heat has no d iscernable  inf luence  on 
reducing peak temperature f o r  the yellow painted conta iner  as  

Therefore,  reducing s o l a r  absorption can s i g n i f i c a n t l y  reduce peak 
temperatures.  Figure 5 shows r e s u l t s  of t r a n s i e n t  p r e d i c t i o n s  for 
a white painted conta iner  having an absorption f a c t o r  of 0.15 with 
peak temperatures under 125 O F .  

pump i s  seen t o  r i se  slowly, b u t  i s  not expected t o  exceed 
approximately 105 O F.  

Peak temperatures f o r  a yellow painted 

Removal of the 

. . shown i n  Figure 4 .  S o l a r  heating i s  the dominant heat  source.  

The i n t e r n a l  temperature o f  t h e  

REFERENCES 
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Figure 1. SYlOl Mixer Pump (HMMP) Storage Container. 
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F igure 2. TAP-A Thermal Model. 

87-11 



WHC-SD-TP-SEP-026 Rev. 0 

Figure 3 .  HMMP Container Solar  and In te rna l  Decay Heat. 

"7 

F 

0 

, 

87- 12 



F 

I 

WHC-SD-TP-SEP-026 Rev. 0 

Figure 4 .  HMMP Container Solar  No In te rna l  Heat. . 
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Figure 5. HMMP Container Decay Heat - White Pa in t .  
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Table 2. HMMP Container Decay Heat. 

Tank Fluid Retained in Pump @ 68 gal x 3785 = 2.57 x I O 5  fin3 
Tank Fluid Film Pump Surfaces (30-1016 cm) = 4.8 x 10 cm 
Tank Fluid Density = 1.74 gm/cm 
Volume o f  Fluid per un i t  length (2.573x lo5 cm3/652 
Fluid Mass per un i t  length = [(395 cm /cm)x((1.74 gm/cm ) ]  

= 687 gm/cm-length 
Surface Film mass per uni t  length = [44.8 x 104/1016)]3= 47. 2 cm3/cm 
Film Mass per u n i t  length = [(47.2 cm /cm)x(1.74 gm/cm ) ]  

= 82.2 gm/cm-length 
Fluid and Film Mass = [82.2 + 68,7] = 769 gm/cm-length 
Tank Fluid Ac t iv i t i y  @:60 x 10- Ci/gm 
Decay Heat @ 4.72 x 10- watts/Ci 
Decay Heat per Unit Length: 

395 cm3/cm 

(769 gm/cm-length) x (360 x -6  Ci/g;) x (4.7 x 

Total Decay Heat = 0.88 watts 

watts/Ci) 
= 1.3 x watts/cm-length x 2.54 cm/in 
= 3.3 x 10- watts/in-length 
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8.0 GAS GENERATION EVALUATION 

8.1 GENERAL INFORMATION 

Packages of radioact ive waste w i t h  the  potential  f o r  gas generation or 

A gas generation study (Part  B y  

w i t h  the  p o t e n t i a l  t o  reach explosive concentrat.ions of hydrogen and oxygen or 
other explosive gases may require vents or c a t a l y s t  packs t o  deplete  f r e e  
oxygen and prevent explosive concentrations. 
Section 8 . 3 )  was completed t o  determine the estimated extent o f  hydrogen gas 
or other explosive gas  build-up in the HMMP Package. 
study, vents o r  other  methods were evaluated t o  ensure tha t  estimated gas 
build-up will  not r e s u l t  in unsafe conditions.  
estimated pressure build-up and thermal loading of the HMMP Package due t o  

, waste contents.  

Based on r e s u l t s  of the . 

The study a l so  ident i f ied  the 

8.2 GAS GENERATION EVALUATION AND CONCLUSIONS L 

Results o f  a gas generation study indicated t h a t  hydrogen gas buildup 
will  exceed the  U.S. Nudear Regulatory Commission ( N R C )  l imi t  of 24% 

' ( N R C  1992) for t ransportat ion within 13.2 years and the Westinghouse Hanford 
Company (WHC) l i m i t  of 5% within 26.3 years (WHC 199:). 

service l i f e  o f  the package, the primary containment ba r r i e r  of the package i s  
vented. The s t u d y  a lso indicated tha t  the estimated maximum internal  pressure 
build-up in the package a t  the 5% hydrogen level would be 0 .77  p s i .  
Considering t h i s  low r a t e  (0.77 p s i )  of pressure build-up combined w i t h  the 
requirement t h a t  the package be vented and the high packaging design pressure 
ra t ings ,  extensive pressure leak t e s t ing  analysis i s  n o t  required fo r  the 
package described in t h i s  SEP. 

To assure t h a t  
. hydrogen b.uild-up will  n o t  exceed the acceptable l imi t s  d u r i n g  the 20 year 

Relating t o  a postulated accident scenario during the pump l i f t i n g  
operation (Benegas 1994), re lease of l iquid from the pump legs  could in t e rac t  
with impact blocks inside the pump which contain a crushed material (aluminum 
compounds). Contact o f  l iqu id  with the crushed material may cause hydrogen 
generation within the  f l ex ib l e  bag. Due t o  the physical locat ion and makeup 
of the  pump and shipping container,  the designed and planned use of the . 
shipping container ,  and the worst case projected waste f i l l e d  pump scenario,  
the potent ia l  o f  waste contacting the a l u m i n u m  crushed material was deemed 
extremely unlikely.  
analysis .  

This scenario was n o t  considered in the gas generation 

-. 1 
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Pump Assembly Dimensions 

Package Dimensions (Interior) 

Est. Package Volume 
Est. Contalner Void Volume 
Waste Weight 
Waste Volume 
Waste Density 

ENGINEERING ANALYSIS 

47 ft long 
53 in. diameter 
62 ft long 
63.25 in. diameter 
647.2 ft3 

632.75 ft3 
1569 lb 
14.45 
108.6 lb/ftJ 

Bui 1 ding: 1100/MO-404 Rev. : Page: _1 of 2 
Subject: Gas Generation for HMMP 
Originator: J. R. Green - 3 L G  
Checker: e. M c . ~ \ I ,  F . W a c  LA 

U 
> A , . - .  

.- > - 

Subject: Determination of hydrogen gas generation and pressure buildup in 
packaging containing a pump removed from Tank 101-SY. 
estimate the thermal output of the defined source terms. 

In addition 

References: (1) GEND-041, "A Calculation Technique to Predict Combustible 
Gas Generation in Sealed Radioactive Waste Containers," May 
1986 

L (2) WHC-SO-TP-PDC-019, "Packaging Design Criteria Transfer and 
Disposal of Hydrogen Mitigation Mixer Pump," Rev. 0, 
January 1994. 

Determi nation : 

The methodolgy described in Reference 1 was used to perform the analysis for 
packaging containing pumps renoved from Tank 101-S ' I .  
spreadsheed provided with Reference 1 was used for the analysis. 
spreadsheet has been approved by the U . S .  Nuclear Regulatory Commission (NRC) 
For use in the determination of hydrogen generation in low-level waste. 

The Lotti: i-2-?m 
Thls 

The following table contains data used for input tu the spreadsheet. 

Input: 

The following table contains the results obtained from spreadsheet 
calculations. 
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Initial Gas Generation Rate 
Gas Generation Rate at 5% 

Hydrogen Concentration 
Days (yrs) to 5% Concentration 
Pressure at 5% Concentration 
Max Decay Heat Watts (BTU/h) 

Rev. 0 

5.503 cc/h 

4.095 cc/h 
9587 (26.27) 
0.77 psi 
1.441 (4.92) 

ENGlNEERlNQ ANALYSIS 

Building: 1100/MO-404 Rev. :. , Page: _2 o f  2 
Subject: Gas Generation for HMMP 
Originator: J ,  R .  Green =w. K c *  6.- Date: (~l:/;/qL/ 
Checker: 1. r LAC .,rw ,, < ,.(I '.?, I Date : c ; / ~ - , / 4 ~ /  

CJ 

Results : 

See spreadsheets and data library attached. 
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4 9.0 APPENDIX 

9.1 REFERENCES 

49 CFR 173, 1992, "Rad ioac t i ve  M a t e r i a l s , "  Code of Federal Regulations, as 
amended. 

49 CFR 393, " P a r t  and Assessor ies Necessary f o r  Safe Opera t ion , "  Code of 
Federal Regulations, as amended. 

10 CFR 71, "Packaging and T r a n s p o r t a t i o n  .of Rad ioac t i ve  M a t e r i a l s , "  Code of 

Benegas, T. R., 1994, Impact Material Concerns in Pump Disposal Containers, 

Federa 7 Regulations, as amended. 

( i n t e r n a l  l e t t e r  MIT94-2062 t o  D i s t r i b u t i o n ,  J u l y  29, 1994),  
Westinghouse Hanford Company, Rich land,  Washington. 

Holman, W.  R., and R. T. Langland, 1981', Recommendations for Protecting 
Against Failure by Brittle Fracture in Ferritic Steel Shipping 
Containers Up to Four Inches Thick, NUREG/CR-1815, (under Lawrence 
L ivermore  N a t i o n a l  Labora tory  c o n t r a c t  t o  t h e  NRC), U .S .  Nuc lear  
Regu la to ry  Commission, Washington, D . C . ,  August 1981. 

WHC-CM-1-3, Management.Reguirements and Procedures, Westinghouse Hanford 
Comp'any, R ich land,  Washington. 

WHC-CM-2-14, Hazardous Material Packaging and Shipping, Westinghouse Hanford 
Company, R ich land,  Washington. 

WHC-CM-4-2, Quality Assurance Manual, Westinghouse Hanford Company, Rich land,  

WHC-CM-4-9, Radiological Design, Westinghouse Hanford Company, R ich land,  

Washington. 

Washington. 

WHC-CM-4-11, ALARA Program Manual, Westinghouse Hanford Company, R ich land,  

WHC-CM-7-5, Environmental Compliance, Westinghouse Hanford Company, R ich land,  

Wash i ng ton  . 

Washington. 

WHC, 1994a, Packaging Design Criteria for Transfer and Disposal of Hydrogen 
Mitigation Mixer Pump, WHC-SD-TP-PDC-019, Westinghouse Hanford Company. 
R ich land,  Washington. 

Radioactive Materials, WHC-SD-TP-RPT-001, Westinghouse Hanford Company, 
Rich1 and, Washington, January 1994. 

WHC, 1994b, Report on Equivalent Safety for Transporta.tion and Packaging of 
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