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Abstract: This Safety Analysis Report for Packaging (SARP) provides 
the analyses and evaluations necessary to demonstrate that the steel 
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packaging system is the 208 L (55-gal) steel drum. 
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SAFETY ANALYSIS REPORT FOR PACKAGING 
(ONSITE) STEEL DRUM 

PART A: DESCRIPTION AND OPERATIONS 

1 .O INTRODUCTION 

1 .I GENERAL INFORMATION 

On the Hanford Site, radioactive material is frequently packaged and transported in 208 L 
(55-gal) steel drums. This packaging system is suitable for storage and burial on the Hanford Site. 
Retrieval drums are not authorized for reuse. 

The purpose of this document is to evaluate and authorize the onsite transportation of 
fissile, Type B quantities of solid and liquid radioactive materials in steel drums. 

This document consolidates, simplifies, and updates three previous safety analysis reports 
for packaging (SARP) that addressed three different payloads. These documents are as follows: . 

. 

Safety Analysis Report for Packaging (Onsitel Transport and Storage of TRU 
Contaminated Liquid Organics (SD-RE-SAP-002), approved by Rockwell Hanford 
Operations in 1982 

Transuranic Radioactive Material in the 55-Gallon Drum, HCS-042-002 Safety 
Analysis Report for Packaging (Onsitel (SD-RE-SAP-033) 

Safety Analysis Report for Packaging (Onsitel Non-TRU, Non-Fissile Radioactive 
Material in the 55-Gallon Drum (SD-RE-SAP-024). approved by Rockwell Hanford 
Operations in 1983. 

These documents will be canceled when this SARP is issued. 

This SARP provides the analyses and evaluations necessary to demonstrate that the steel 
drum packaging system meets the transportation safety requirements of HNF-PRO-154, 
Responsibilities and Procedures for all Hazardous Material Shipments; for an onsite packaging. 

1.2 SYSTEM DESCRIPTION 

The basic component of the steel drum packaging system is a 208 L (55-gal) steel drum. 
This drum meets one of the following specifications: . . US.  Department of Transportation (DOT)-17C or -1 7H drum, galvanized with gasket 

UNlA2 208 L (55-gal) drum, galvanized, or with an interior coating, with gasket. 
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There are four configurations of steel drum packaging authorized under this SARP as 
follows. 

Solids 

1. &u.m The drum configuration consists of a 208 L (55-gal) drum, locking ring, and 
lid. It is authorized to transport Payload 1 contents only (see Part A, Section 3.1). 

Drum with liner, vented. This configuration consists of a 208 L (55-gal) drum with 
locking ring and lid, a NucFil' filter or equivalent, and a nominal 4-mil-thick (or 
equivalent) polyethylene liner bag that is sealed (horsetailed and taped). It is 
authorized to  transport Payload 1 or 2 contents. 

Drum in N-55 Overoack. This configuration consists of a 208 L (55 gal)) drum with 
locking ring and lid in an N-55 Overpack. It is authorized to transport Payload 1, 2, 
or 3. 

2. 

3. 

!&Lids 

4. Drum with liner and internal containers. This configuration is authorized for liquid 
contents (see Part A, Section 2.1.2). 

The inner configuration consists of plastic bags or liners for solid contents and bottles with 
bags, liners, and absorbent for liquid contents. 

1.3 REVIEW AND UPDATE CYCLE 

This SARP is subject to periodic reviews and updates. The reviews shall be performed 
every 5 years to ensure that all SARP evaluations and other included information meet new or 
revised regulatory andlor company requirements. The first complete review and update of this 
onsite SARP will be approximately September 2003. Review shall be through the formal process 
per Part A, Section 7.5. 

'NucFil is a trademark of NFT Incorporated. 
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DOT-I 7C DOT-17H 

Wall thickness (gauge) 16 18 (top is 16) 

Outside diameter 24 in. 24 in. 

Outside height 35 in. 35 in. 

Locking ring 12 gauge 12 gauge 

2.0 PACKAGING SYSTEM 

2.1 CONFIGURATION AND DIMENSIONS, MATERIALS OF CONSTRUCTION, 
AND WEIGHTS 

The steel drum packaging system consists of a right circular cylinder with a removable head 
and various inner configurations dependent on the payload. 

Several types of drums, which are similar in manufacture, are authorized for use as follows: 

DOT Specification 17C drums per 49 CFR 178, "Specifications for Packagings," 
.115, "Steel, DOE-17C" (DOT 1990)* 

DOT Specification 17H drums per 49 CFR 178.1 18, "Steel, DOT-17H" (DOT 1990)* 

*NOTE: Only applies to existing drums. New drums purchased must be 
UNlA2 drums. 

DOT Specification 7A. Type A per 49 CFR 178.350, "Specification 7A; General 
Packaging, Type A"; Part 173, "Shippers--General Requirements for Shipments and 
Packagings"; and Subpart L, "Non-bulk Performance-oriented Packaging Standards," 
and Subpart M, "Testing of Non-bulk Packagings and Packages," of Part 178. 
These are type A, UNlA2 drums. 

DOT-7Al 
UN lA2  

16 

24 in. 

35 in. 

12 gauge 

The nominal dimensions for each drum are listed below in Table A2-1. 

The DOT-17C drums are constructed of 16-gauge carbon steel with three rolled or 
swedged-in hoops. The DOT-1 7H drums are similarly constructed, utilizing 18-gauge carbon steel 
on the cylindrical portion and on the bottom end. Overall external dimensions of the 17Cl17H 
drums are nominally 24 in. in diameter by 35 in. high. The drums are equipped with a removable 
head. The head is retained by a fully removable bolted type locking ring. The locking ring is 
12-gauge (0.1046 in. nominal) with drop forged lugs and a 518-in. bolt and nut. The gasket used 
for closure is a rubber type material that is bonded to the removable head and meets the respective 
DOT specification for the drum type. The locking ring bolt is torqued to nominally 40 ft-lb when 
the drum is sealed. 

The Type A-UNIAP drums are similarly constructed to the DOT-17C and -17H drums and 
are deemed equivalent t o  DOT-17C and -17H drums. These drums are fabricated to  WHC-S-0465, 
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Specification for Drums; UNlA2; Type A, Solid and Liquid Material, High Performance Coatings 
(WHC 1996a), and WHC-S-0466, Specification for Drums; UNlA2; Type A; Solid Material, Painted 
(WHC 1996b3, which delineate the DOT-7A. Type A performance standards and the UN lA2  
performance standards. Meeting the requirements from the drum specifications must be 
demonstrated by the manufacturer by testing and analysis before acceptance of the Type A-UNIA2 
drums. 

Retrieval drums are drums retrieved from noncompliant Resource Conservation and 
Recovery A c t  of 1976 (RCRA) storage for the purpose of characterization, transfer, or other 
operations. However, as a result of the noncompliant RCRA storage environment, their condition 
may be degraded structurally from that of a drum that meets the specification requirements. 
Emptying of the drum to inspect the payload or verify its structural integrity is highly undesirable 
due to the personnel radiation exposure that could result. Such operations could damage an 
otherwise transportable drum and would delay the transfer of the waste to compliant storage. 
Minimum requirements are set forth in each section of Part A to allow for onsite transfer of such 
drums for the purpose of full characterization of the contents and the drum. Retrieval drum 
transfers will be performed by  exclusive-use vehicles and with restricted speeds. lnterarea transfers 
will require security escorts. 

2.1.1 N-55 Overpack 

For those drums that contain Payload 3 contents, an N-55 Type B Overpack, 
USA/9070/B(U) (NRC 1996). is used. This overpack may be used for those drums that exceed the 
normal drum payload restrictions and also fall within the payload limits provided for the N-55. See 
Table A3-3 for N-55 Overpack payload restrictions. Figure A2- I  shows a standard N-55 
Overpack/208 L (55-gal) drum configuration. 

2.1.2 Packaging Configuration for Liquids 

2.1.2.1 Absorbent. The absorbent to be used is a nonbiodegradable polypropylene absorbent 
material or an approved universal-type polypropylene substitute material as listed in WHC-EP-0063 
(WHC 1993). Existing, loaded packages that were packaged in accordance with 
SD-RE-SAP-002 can be shipped as payload type 4 provided the radioactive constituents do not 
exceed the allowables in Table A3-4. 

Transuranic (TRU) liquid organics not meeting Waste Isolation Pilot Plant (WIPP) 
requirements shall not be absorbed;,therefore, absorbent material shall not be used inside the bottle 
containing the liquid. 

2.1.2.2 Inner Container for Liquids. For absorbed liquids, the inner container shall consist of a 
maximum size of 4 L (-1 gal) polyethylene (poly) or polypropylene wide-mouth bottle with a screw 
cap. 

Free (unabsorbed) liquids shall be packaged in a vented, 4 L (51 gal), glass and/or poly 
bottle. 

A2-2 



HNF-2209, Rev. 0 

Figure A2-1. Standard N-55 Overpack/208 L (55-Gal) Drum Configuration. 

'1 -25 DIA 

r r 
LL 31-318 24'D1A DIA 1. 
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The poly bottle screw caps will be provided with a vent hole (No. 60  drill) to preclude 
pressurization of the bottles. The vent hole will be covered with a filter having greater than 99% 
retentivity.' 

A second barrier of the inner containment is provided by placing the poly bottle inside a 
vented poly bag. The vent hole shall be covered by a filter,' and the bag will be closed either by 
heat sealing or by twisting the end and sealing with tape. 

A 3/8-in.-by-19-in.-diameterplywood disk shall be used between the tiers of bottles as a 
tier support for the top bottles. 

2.1.2.3 Outer Container. The outer container shall consist of a 208 L (55-gal) galvanized 
DOT-I 7C drum with a rigid 90-mil polyethylene liner or a Type A-UN1 A2 interior-coated 208 L 
(55-gal) drum with the rigid 90-mil polyethylene liner. The polyethylene liner lid will be vented with 
a puncture hole greater than 1/16 in. in diameter and less than % in. in diameter. This hole will 
also be covered with a filter. A vent clip (H-2-28798), NucFil filtered vent, or equivalent shall be 
used for the release of built up gases or pressures within the drum. 

2.1.2.3.1 Vent Clip Usage. A vent clip (H-2-28798) shall be placed over the rim of the 
208 L (55-gal) drum unless a NucFil filter is used. 

2.1.2.3.2 NucFil Filter Usage. One NucFil filter (flow rate > 5 L/min) vented lid will be 
placed on the drum. If a NucFil filter is installed, the filter must be torqued to  120 in-lb 
( +  25 in-lb). 

The packaging consists of the absorbent, a two barrier inner containment, and a two  barrier 
outer containment. 

Evaluations of the DOT-17C and -17H drums were performed fo i  the US.  Department of 
Energy (DOE) by Mound Laboratory as part of the DOT-7A Type A Packaging Program and were 
documented in DOEIRL-96-57, Test and Evaluation Document for DOT Specification 7A Type A 
Packaging. The evaluations and testing concluded that both drum designs are acceptable as 
Type A Packagings in accordance with applicable parts of 49 CFR 178. A number of test units 
successfully passed normal-condition water spray, free drop, compression, and penetration tests. 
Based on these evaluations and the earlier testing, both drums are acceptable for use for larger 
quantities of material subject to the administrative controls discussed herein. 

The Type A-UNIA2 drums, as stated in specifications WHC-S-0465 (WHC 1996a) and 
WHC-S-0466 (WHC 1996b). must meet the UNlA2 performance standards and the DOT-7A, 
Type A specification. Meeting these requirements must be demonstrated and documented by the 
manufacturer by testing or analysis before acceptance. 

Retrieval drums may not meet the DOT Specification 17C, 17H. or Type A-UNlA2 
requirements; however, the drums will be inspected to ensure that the containment boundary is 
intact and the wall thickness (by a series of ultrasonic thickness measurements) is not less than the 
minimum required dimension. See Part A, Section 6.0, for retrieval drum requirements. 

'Hollingsworth and Vose Co. LB-BPI--glass fiber filter (or equivalent). These filters have greater than 99% 
retentivity based on standard DOP tests. 
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2.2 CONTAINMENT BOUNDARY 

The containment boundary is provided by the 208 L (55-gal) drum body, lid, and gasket as 
well as a high-efficiency particulate air filter, if used. 

2.3 HEAT DISSIPATION 

Heat dissipation is by passive and conductive thermal radiation. 

2.4 SHIELDING 

Shielding is provided by the contents and the packaging. There is very little shielding 
material present. 

2.5 LIFTING DEVICES 

Connection to the drum for lifting shall be with a lifting attachment designed for lifting 
208 L (55 gal) drums by the chime. The lifting attachment shall have a rated load in excess of 
658 kg (1450 Ib). 

2.6 TIEDOWN DEVICES 

There are no tiedown devices that are a structural part of the packaging system. Drums 
shall be secured to the truck as specified in Part A, Section 4.2. 
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~~~ 

No. drums per shipment 
Venting requirement 

Wattsldrum 
Mass (kg) 
Fissile isotopes per drum (g) 

Total activity per single drum (Ci)* 
Total activity per drum in an array (Ci)" 

3.0 PACKAGE CONTENTS 

One or array, maximum of four drums per row 
Optional 
See Part B, Section 9.0 Appendix, Fig. 2, for inorganic solids 
See Part 8, Section 9.0 Appendix, Fig. 3, for organic solids 
12 
658 
Fissile excepted 
25 A+ 
6 A,s 

3.1 GENERAL DESCRIPTION 

The Steel Drum Packaging System is used to transport Type B quantities of liquid or solid 
radioactive material. Some packages may contain fissile material. 

Authorized contents include contaminated glass, paper, plastic, rags, wood, metal, soil, and 
other solid materials. Organic and inorganic liquids, absorbed or free, are also authorized subject to 
the limits listed below. 

The addition of shielding material inside the drum for the express purpose of reducing the 
external dose rate is strictly prohibited. This does not include waste material that may incidentally 
provide shielding by its presence in the waste matrix. 

In practice, the allowable quantity of a particular isotope may be limited by the source term 
definition as listed in the tables of this section, by the dose rate limits, or by the gas generation 
constraints. 

The source term has been divided into four categories: 

Payload 1. 
Payload 2. Fissile 
Payload 3. 
Payload 4. Liquid. 

The material quantities allowed and restrictions are shown in Tables A3-1 through A3-4. 
The maximum activities are based on the maximum source term allowed based on the dose 
consequence analysis in Part B, Section 4.0, of this SARP. The thermal limits are based on the 
thermal evaluation in Part B, Section 8.0, of this SARP. Maximum weights are based on the 
structural evaluation in Part B, Section 7.0, of this SARP. Venting requirements are determined by 
payload type as described in Part B, Section 9.0, of this SARP. Drum array restrictions are based 
on the accident conditions evaluated in Part B, Section 7.0, and dose consequence evaluation in 
Part B, Section 4.0, of this SARP. 

Nonfissile or fissile excepted 

High activity (up to 27,000 Ci) 

Table A3-1. Payload 1 Limits (Nonfissile, Solid). 

Attribute I Maximum authorized 
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Attribute 

Table A3-2. Payload 2 Limits (Fissile, Solid). 

Maximum authorized 

No. drums per shipment 
Venting requirement 

Wattsldrum 
Mass (kg) 
Fissile isotopes per single drum 1s) 
Fissile isotopes per drum in an array (g) 
Total activity per drum (Cil* 
Total activity per drum in an array (Ci)' 

One or array, maximum of four drums per row 
Required 
See Part B, Section 9.0 Appendix, Fig. 2, for inorganic solids 
See Part 8, Section 9.0 Appendix, Fig. 3, for organic solids 
12 
658 
100 
45 
2,500 A,s 
600 A,s 

Attribute 
No. drums per shipment 
Venting requirement 

Wattsldrum 
Mass (kg) 
Fissile isotopes per drum (g) 
Fissile isotopes per shipment (g) 
Total activity per single drum (Ci)' 

Maximum authorized 
Two (one drum per N-55) 
Required 
See Part 6, Section 9.0 Appendix, Fig. 2, for inorganic solids 
See Part B, Section 9.0 Appendix, Fig. 3, for organic solids 
5 
249 
200 
400 
27,000 Ci, less than 3,000 A,s 

I Attribute Maximum authorized 

A3-2 

___ 

No. drums per shipment 
Venting requirement 

Wattsldrum 

One or array, maximum of four drums per row 
Required 
Reference Part 6, Section 9.0, for specific guidance 
0.75 

Mass lkg) 
Volume 
Fissile isotopes per single drum (g) 
Fissile isotopes per drum in an array lg) 
Total activity per drum (Ci)" 
Total activity per drum in an array (Ci)* 

227 
40 L total 
100 
45 
2,500 A,s 
600 A,s 
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These limits are based on dose consequence analyses (see Part B, Section 4.0). criticality 
control (Part B, Section 6.0). and thermal constraints (Part B, Section 8.0). The intent of these 
restrictions is to allow an unlimited number of shipments (see Part B, Section 3.0). 

3.1 .I Fissile Material Content 

The fissile material allowable contents are based on the dose consequence evaluation and 
the criticality analysis and are shown in Tables A3-1 to A3-4. 

3.1.2 Physical and Chemical Composition 

Typical payloads include contaminated plastic, cloth, metal, and other waste. Liquids, both 
free and absorbed, are authorized. However, mixing of both solid and liquid waste in a single drum 
is specifically prohibited. 

It is the shipper's responsibility to comply with the requirements of 49 CFR 173.24, 
"General Requirements for Packagings and Packages," and to ensure the contents are not reactive 
or chemically incompatible with the packaging. 

3.2 GAS GENERATION RESTRICTION 

Gas generation is known to develop for many of the payload types authorized by this SARP. 
It is the shipper's responsibility to determine venting needs for each drum authorized by this SARP. 
Part B, Section 9.0, provides specific guidance for making this determination. 

3.3 SIZE AND WEIGHT 

The drums considered in this SARP are a standard 208 L (55-gal) UNlA2 drum, DOT-17C 
and -17H drums, and retrieval drums. The drums will nominally measure 89 cm (35 in.) in height 
and 61 cm (24 in.) in diameter. The maximum weight of a drum with solids is limited to 658 kg 
(1,450 Ib) or 227 kg (500 Ib) with a liquid payload. The maximum weight of a drum in the N-55 
Overpack is 249 kg (550 Ib). 

A3-3 
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4.0 TRANSPORT SYSTEM 

4.1 TRANSPORTER 

4.2 TIEDOWN SYSTEM 

4.2.1 System Design and Requirements 

Since both standard 208 L (55-gal) and retrieval drums are transported onsite in various 
numbers, in arrangements dependent upon the conveyance, and on many types of conveyances, 
securement requirements to the conveyance shall meet the requirements of 49 CFR 393, "Parts and 
Accessories Necessary for Safe Operations," .I 00, "General Rules for Protection Against Shifting or 
Falling Cargo." Also, individual drums or batches of drums shall be secured to tbe conveyance per 
the requirements of 49 CFR 393.102, "Securement Systems," and blocked and braced against 
shifting in accordance with the requirements of 49 CFR 393.104, "Blocking and Bracing." In 
addition the following restrictions are imposed to meet the normal transfer conditions and risk 
assessment accident structural parameters of this SARP. 

4.2.1.1 Standard Drums. Standard 208 L (55-gal) drums may shipped in an array as follows (see 
Figure A4-1). The total combined weight of the drums in the array may not exceed 2,268 kg 
(5,000 Ib). . The first row of drums in the array must be placed at the front end structure of the 

conveyance. 

Between each row of drums there must be a set of intermediate restraint beams 
which are secured to  the conveyance. 

Each set of intermediate restraint beams must have an aggregate load limit of 
two times the total gross weight of the array. This is based on the AlSC (1989) 
equivalency for a uniformly loaded beam. . Drum rows at either the front or rear of the conveyance shall be blocked and braced 
from shifting in any direction by the walls of the conveyance, by intermediate 
restraint beams, by blocking and bracing of the drum array, or by any combination 
of the three. Blocking and bracing shall be accomplished by the following: 

Wooden chock blocks nailed to the bed of a wooden deck 
conveyance 

Chains, wire rope, or straps wrapped around the array of drums and 
secured to the conveyance 

Carbon steel clips welded or bolted to the bed of a steel deck 
conveyance. 

Each array must be secured to the conveyance in accordance with 
49 CFR 393.102. 
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Figure A4-1. Standard 208 L (55-Gal) Drum Array. 

2x4 

-DRUMS 

RESTRAINTS 

'S NAILED TO DE 

4.2.1.2 Retrieval Drums. Retrieval drums only may be shipped in one array form. Retrieval drum 
shipments are restricted to a maximum speed of 48 kmlh (30 mph) with a maximum total gross 
weight of 726 kg (1,600 Ib) in the array. This means that the total gross weight of all the drums in 
the array may not exceed 726 kg (1,600 Ib). 

Multiple arrays of retrieval drums may be transported on a conveyance provided the 
following requirements are met. 

. 

. 

The first row of drums on the array at the front must be placed at the front-end 
structure of the conveyance. 

Between each array of drums there must be a set of intermediate restraint beams 
that are secured to the conveyance. 

Each set of intermediate restraint beams must have an aggregate load limit of 
two times the total gross weight of the array. This is based on the AlSC (1989) 
equivalency for a uniformly load beam. 

Drum arrays at either the front or rear of the conveyance shall be blocked and 
braced from shifting in any direction by the walls of the conveyance, by 
intermediate restraint beams, by blocking and bracing of the drum array, or by a 
combination of the three. Blocking and bracing shall be accomplished by the 
following: 

- Wooden chock blocks nailed to the bed of a wooden deck 
conveyance 

Chains, wire rope, or straps wrapped around the array of drums and 
secured to the conveyance 

Carbon steel clips or angles welded or bolted to  the bed of a steel 
deck conveyance. 

. 
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. Each array must be secured individually to the conveyance in accordance with 
49 CFR 393.102. 

Drum array shipments, shall be secured to the front end of the conveyance in accordance 
with 49 CFR 393.102 and, blocked and braced in accordance with 49 CFR 393.104 for the 
rearward and lateral directions. 

4.2.2 Attachments, Ratings, and Requirements 

Tiedown attachments to the conveyance and tiedown components must have the same 
rated working capacity or working load of the tiedown. Chains, straps, or wire rope used as 
chocking must have an aggregate working capacity or working load of one half the weight of the 
drum or drum array. Wooden chock blocks nailed to the deck or carbon steel clips or angles 
welded to  the deck must have a load capacity of one half the weight of the drum or drum array. 

4.3 SPECIAL TRANSFER REQUIREMENTS 

4.3.1 Routing and Access Control 

Shipments are authorized anywhere within the Hanford Site boundaries. Road closure is 
required for public access roads that are used for shipments that cover routes south of the Wye 
Barricade. 

4.3.2 Radiological Limitations 

For transportation purposes, the dose rate at the external surface of an individual steel drum 
packaging is limited to 100 mSv/h (1000 mremlh). The dose rate in the occupied space of the 
transport vehicle shall not exceed 0.02 mSvlh (2 mremlh) unless a radiologically trained driver is 
used, where the dose rate may not exceed 0.05 mSvIh (5 mrem/h). The dose rate measured at a 
vertical plane projected from the outer edge of the vehicle is limited to 2 mSvlh (200 mremlh), and 
the dose rate at any point 2 m from this plane is limited to 0.1 mSv/h (IO mremlh). 

Surface contamination limits for transporting the drum are specified in Table A4-I.  

Table A4-1. External Contamination Limits. 

Contaminant 

Beta-gamma-emitting radionuclides; all radionuclides with half- 
lives less than ten days; natural uranium; natural thorium ; 
uranium-235; uranium-238; thorium-232; thorium-228 and 

I Maximum Dermissible limits 

Bq/cm2 pCilcm2 dpm/cm2 

I 0.4 [ 1 0 5  [ 22 
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4.3.3 Mileage Limits 

There are no mileage limits. 

4.3.4 Speed Limits 

Retrieval drum shipments are restricted to a vehicle speed of 48 krnlh (30 mph) or less. 

Standard drum shipments are restricted to a vehicle speed of 48 kmlh (30 mph) or 40 kmlh 
(25 mph) depending on the array configuration (see Part B, Section 10.0). 

4.3.5 Array Restrictions 

Part B, Section 10.0, describes the weight restrictions applicable to arrays of drums. For 
purposes of definition, a row is considered an arrangement of drums in a line across the transport 
vehicle in the lateral direction (see Figure A4-1). A column is considered an arrangement of drums 
in the longitudinal direction on the transporter. 

The weight restrictions identified in Part B, Section 10.0, apply to an arrangement of drums 
in any single column. 

A4-4 
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5.0 ACCEPTANCE OF PACKAGING FOR USE 

5.1 208 L (55-GAL) DRUMS 

The packaging shall meet the DOT Specification 7A, Type A design and test requirements 
identified by 49 CFR 178.350. Hanford specification WHC-S-0465 (WHC 1996a) or WHC-S-0466 
(WHC 1996b) shall be used to procure new UNIA2 drums. 

5.1 .I Packaging for Continued Use 

The following applies to 208 L (55-gal) drums that have been transported and/or stored 
with radioactive materials. 

5.1.1 .I Acceptance Requirements. Visual acceptance criteria shall be that there is no container 
material degradation that could affect the containment features of the packaging. The container 
shall be cleaned of nonfixed external contamination (Table A4-1). 

Documentation shall be verified that the drum has met the acceptance requirements of 
Part A, Section 5.1, of this SARP. If verification is not possible, then the drum may not be used to 
transport payloads authorized by this SARP. 

5.1.1.2 Inspection. For continued use with payloads authorized in this SARP, the drums shall 
have the following: 

The lid and gasket inspected to ensure no degradation has occurred 

The high-efficiency particulate air filter (if present) inspected or replaced 

A smear test performed on the external surfaces of the drum to ensure that 
contamination levels are within limits (Table A4-1) 

No physical degradation present. Dented drums or those with significant evidence 
of corrosion are not suitable for payloads authorized by this SARP. If the bottom of 
the drum is corroded, it shall not be used for transporting payloads identified in this 
SARP. 

5.1 .I .3 Documentation. All inspections shall be documented in procedures or inspection checklists 
and verified by Quality Control. This documentation shall be maintained for the life of the 
packaging or 5 years, whichever is longer. 

5.2 RETRIEVAL DRUMS 

Retrieval drums have been evaluated in this SARP and deemed suitable for transport of the 
authorized payloads provided all controls are met. Primarily it is important to note that the 
transporter speed be limited to 48 kmlh (30 mph) and that the tiedown system meets the 
requirements of Part A, Section 4.0. Retrieval drums are not reusable. 

The inspection requirements listed in Part A, Section 5.1.1.2, apply to  the exterior of 
retrieval drums. Those drums that are suspected not to provide suitable integrity shall be packaged 
in the N-55 Overpack provided their contents fall within the limits prescribed for this packaging. 

A5-1 



HNF-2209, Rev. 0 

5.2.1 Documentation 

All inspections shall be documented in procedures or inspection checklists and verified by 
Quality Control. This documentation shall be maintained for the life of the packaging or 5 years, 
whichever is longer. 

5.3 N-55 OVERPACK 

The N-55 Overpack shall be procured to meet the requirements of its Certificate of 
Compliance USA/9070/B(U) (NRC 1996). Documentation of this shall meet the requirements of 
10 CFR 71, Subpart H. 

5.3.1 Inspection Prior to  Use 

1. 

2. 

3. 

The lid, gasket, and closure clamps shall be inspected to ensure no degradation has 
occurred. 

If contamination is suspected, a smear test shall be performed on the external 
surfaces of the N-55 Overpack to ensure that contamination levels are within limits 
(Table A4-1). 

No physical degradation shall be present on all surfaces of the packaging. 

5.3.2 Documentation 

All inspections shall be documented in procedures or inspection checklists and verified by 
Quality Control. This documentation shall be maintained per the requirements of 10 CFR 71, 
Subpart H. 
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6.0 OPERATING REQUIREMENTS 

The facility using the 208 L (55-gal) drums and/or N-55 Overpack is responsible for 
developing specific operating procedures for the loading, transport, and unloading of packages 
described and regulated by this SARP. The following provides general guidance for the 
development of plant operating procedures for packaging and transport of hazardous material in the 
208 L (55-gal) drums and for use of the N-55 Overpack. 

6.1 DRUMS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8.  

Select the proper individual drum configuration based on the payload descriptions in 
Part A, Section 3.0. 

Verify that the payload does not exceed the radiological limits provided in Part A, 
Section 3.0, for the drum configuration selected. 

Verify that the drum closure ring is properly configured and that the drum lock ring 
bolt is properly torqued per the manufacturer's recommendation. 

Determine if venting is required for each drum (See Part B, Section 9.0, for 
guidance). 

Survey the package to ensure contamination limits are not exceeded. 

Ensure that each drum is properly marked and labeled and that shipping papers are 
complete. 

Determine that the drum array configuration meets the limits imposed in Part A, 
Sections 3.0 and 4.0. 

Verify that the tiedown system meets the requirements of Part A, Section 4.0. 

6.2 N-55 OVERPACK 

6.2.1 Loading 

1. Unfasten the clamps that secure the lid to the body of the overpack. 

2. Remove the overpack lid by attaching suitable hooks to the lifting lugs on the lid. 
Care should be taken during this operation so as not to damage the lid body 
interface seal while setting the lid down. 

Inspect the inside of the base and lid to ensure there are no loose articles within the 
packaging. Inspect the N-55 gasket. 

Place the 208 L (55-gal) drum into the base of the overpack. 

Replace the lid and secure it to the body by fastening the clamps. 

Survey the package to ensure contamination limits are not exceeded. 

3. 

4. 

5. 

6. 
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7. 

8. 

9. 

Inspect the package for proper labeling and marking. 

Using suitable handling equipment, transfer the package to the transport vehicle. 

Once the overpack(s) are placed on the transport vehicle, ensure that the tiedown 
system employed meets the requirements of Part A, Section 4.0. 

6.2.2 Unloading 

1. Move the unopened package to an appropriate area using suitable handling 
equipment. 

2. 

3. 

4. 

Perform an external inspection of the unopened package. Record any significant or 
potentially significant observations. 

Unfasten the clamps that secure the lid to the body of the overpack. 

Remove the overpack lid by attaching suitable hooks to the lifting lugs on the lid. 
Care should be taken during this operation so as not to damage the lid body 
interface seal while setting the lid down. 

Using suitable handling equipment, remove the 208 L (55-gal) drum. 5. 

6. Replace the lid on the N-55 base, secure the clamps, and place the N-55 in a safe 
location. 

6.2.3 Additional Requirements for Retrieval Drums 

Retrieval drums must be either shipped in covered conveyances or covered with waterproof 
material during transport. 
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7.0 QUALITY ASSURANCE REQUIREMENTS 

7.1 INTRODUCTION 

This section describes the quality assurance (QA) requirements for the design, procurement, 
fabrication, and maintenance of the onsite transportation of radioactive materials in the steel drum 
packaging systems described in this SARP. The requirements are taken from HNF-MP-599, Project 
Hanford Quality Assurance Program Description. 

7.2 GENERAL REQUIREMENTS 

These requirements apply to activities which could affect the safety basis or quality of the 
steel drum packaging systems and associated hardware. The overall Steel drum packaging systems 
assembly is described per HNF-PRO-154. 

Specific components of the steel drum packaging systems are assigned quality categories 
based upon HNF-PRO-154, and are used to show that each individual component meets the 
requirements of the overall steel drum packaging systems safety classification. 

7.3 ORGANIZATION 

The organizational structure and the assignment of responsibility shall be such that quality 
is achieved and maintained by those who have been assigned responsibility for performing work. 
Quality achievement is to be verified by persons or organizations not directly responsible for 
performing the work. 

Waste Management Federal Services, Inc., Northwest Operations (WMNW) Engineering and 
cognizant project managers are responsible for the quality of the work performed by their respective 
organizations and for performing the following activities: 

The Vice President, Quality Assurance, is responsible for developing and administering the 

Follow current requirements of this SARP, HNF-MP-599, and applicable procedures 
Provide instructions for implementing QA requirements. 

Fluor Daniel Hanford, Inc., QA program as stated in HNF-MP-599. 

7.4 QUALITY ASSURANCE ACTIVITIES 

Each cognizant engineer involved with design, procurement, fabrication, use, or 
maintenance of the steel drum packaging systems is responsible for ensuring that the assigned 
tasks are performed in accordance with controlling plans and procedures, which must, in turn, 
conform to the requirements of this section. QA requirements for tasks are determined and 
documented in the plans and procedures used by the involved organizations. 

Requirements are imposed on organizations by direct reference in plans and procedures. 
Table A7-1, "Functional Responsibility Matrix," shows documentation review requirements. This 
matrix assigned responsibility for review and approval to the appropriate organization either 
designing or using the steel drum packaging systems. 
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Document 

Table A7-1. Functional Responsibility Matrix. 

Waste Management 
Federal Services, Inc., 1 User 1 
Northwest Operations 

Steel drum packaging systems safety 
analysis report for packaging 

Procurement documents 

Operating procedures 

P A A  R,A 

P A A  R.A 

R P,R.A 

I Maintenance Drocedures I R I P.R,A I 
A = Approval. 
P = Primary responsibility (organization responsible for developing the document). 
R = Review. 

7.5 TRANSPORTATION HAZARD INDEX (THl)/QUALITY LEVEL (QLI TABLE 

7.5.1 THI 

The THI is assigned to represent the relative safety significance of an onsite packaging 
system based on HNF-PRO-154. This indicator is assigned based on the hazard of the authorized 
contents of the packaging system. A THI of 1 represents the highest safety significance and 
greatest content hazard; a THI of 4 representing the least safety significance, or the least content 
hazard category. The drum is considered a THI-3. The N-55 is considered a THI-I package. 

THI-1: This represents the highest level of hazard from the contents. A packaging system assigned 
this level transports material that has the potential of causing a dose consequence, to  an individual, 
in excess of 25 rem at the Hanford site boundary if fully released. 

THI-2: This represents the second highest level of hazard from the contents. A packaging system 
assigned this level transports material that has the potential of causing a dose consequence, to an 
individual between 0.5 rem and 25 rem at the Hanford Site boundary, or greater than 5 rem within 
the site, if fully released. 

THI-3: This represents the second lowest level of hazard from the contents. A packaging system 
assigned this level transports material that has the potential of causing a dose consequence, to an 
individual, of between 0.01 rem and 0.5 rem at the Hanford site boundary or between 0.2 rem and 
5 rem within the site, if fully released. 

THI-4: This represents the lowest level of hazard from the contents. A packaging system assigned 
this level transports material that has the potential of causing a dose consequence to an individual 
less than 0.01 rem at the Hanford Site boundary or less than 0.2 rem within the Site if fully 
released. 
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Drum lid gasket 

NucFil* filter on drum lid 

Drum lid 

Drum body 

Liner 

Vent clip 

N-55 Overpack 

7.5.2 QLs 

QLs, as defined below, are based upon HNF-PRO-154 and establish a graded approach for 
determining applicable QA requirements for the design, procurement, and fabrication of each steel 
drum packaging systems component. 

&& Critical impact on safety and associated functional requirements: items or 
components whose single failure or malfunction could directly result in an unacceptable 
condition of containment, shielding, or nuclear criticality control. 

OM: Impact on safety and associated functional requirements: components whose failure 
or malfunction in conjunction with one other independent failure or malfunction could result 
in an unacceptable condition of containment, shielding, or nuclear criticality control. 

Minor impact on safety and associated functional requirements: components whose 
failure or malfunction would not reduce packaging effectiveness and would not result in an 
unacceptable condition of containment, shielding, or nuclear criticality control, regardless of 
other single failures. 

A-3 

A-3 

A-3 

A-3 

B-3 

A-3 

A- 1 

7.6 QUALITY REQUIREMENTS 

7.6.1 Design Control 

QLs for design control of steel drum packaging systems components are shown in 
Table A7-2. Classification of components into these quality categories is per HNF-PRO-154 and 
ensures that critical parameters of a given component are reviewed in a manner consistent with 
their importance. The design and analysis shall correspond to the QA requirements of the assigned 
quality level. 

Table A7-2. Design Quality 
Levels for THI-1. 

Closure rina 
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Nonconformance reports 

Steel drum packaging systems 
soecification and drawinas 

The drum components are purchased through the Container Management Program using 
WHC-S-0465 (WHC 1996a) or WHC-S-0466 (WHC 1996b). The N-55 Overpack is already 
designed. Any design changes would require revision to this SARP. 

Lifetime Quality AssurancellSS 

Lifetime WMNWllSS 

7.6.2 Procurement and Fabrication Control 

~ ~ 

Purchase orders 

Procurement of drums is performed using WHC-S-0465 (WHC 1996a) or WHC-S-0466 
(WHC 1996b). They are general services items. The N-55 Overpack shall be procured to meet the 
requirements of its certificate of compliance. 

Lifetime Procurement/lSS 

7.6.9 QA Records and Document Control 

Records that furnish documentary evidence of quality shall be specified, prepared, and 
maintained per HNF-PRO-224, Document Control. 

The cognizant engineer is responsible for ensuring accessibility to the latest issue of all such 
documents. Use or maintenance of the steel drum packaging systems shall not start until all 
required documents are readily available. 

All records associated with hazardous material packaging and transportation shall be 
retained for the life of the packaging (see Table A7-3). 

Table A7-3. Retention and Location Matrix. 

I Document I Retention Period I Location I 
Packaging design Lifetime 
criteriakafety analysis report 
for package 

User facility 

Quality AssurancelQuality Lifetime I Control inspection reports I I I Quality AssurancellSS 
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7.7 SARP CONTROL SYSTEM 

This SARP shall be copy controlled in accordance with HNF-PRO-225, Disfributing 
Copy-Controlled Unclassified Documents, to ensure that only up-to-date approved versions are 
used. Any changes made to this SARP will be by engineering change notices, which are distributed 
to users through the Copy Control System and incorporated into the SARP. 

Any review comment records produced during the initial release or subsequent changes will 
be on file with WMNW Engineering Business Unit. 
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8.0 MAINTENANCE 

8.1 GENERAL 

Maintenance of the 208 L (55-gal) drums and the N-55 Overpack shall be per the 
manufacturer's recommendations or instructions. Wherever possible, empty and new drums shall 
be stored indoors or under protective cover to eliminate or minimize the effects of the sun, wind, 
snow, rain, or other environmental conditions that could cause environmental degradation. The 
N-55 shall be stored under protective cover when not in use. 

8.2 MAINTENANCE AND VERIFICATION SCHEDULES 

8.2.1 208 L (55-Gal) Drums 

These inspections are required (1) if the drums have been in storage longer than 5 years or 
(2) prior t o  shipment. If operations require, the inspections may be performed periodically during 
storage. Note that these inspections are required for both new drums and retrieval drums prior to 
transport. 

8.2.1 .I Visual Container Inspections. Surveillance of the 208 L (55-gal) drums includes a visual 
inspection for any package degradation. The following are examples of visual inspections. 

1. 

2. 

3. 

4. 

Determine drum external contaminations, and document. 

Determine drum external dose rates, and document 

Visually inspect drum markings for degradation. 

Visually inspect drum surfaces (interior and exterior) for paint chipping, 
discoloration, or other surface defects. If found, correct defect by repair if 
necessary, and repaint the affected area. 

NOTE: Retrieval drums do not require interior inspection. If degradation is 
apparent, then the drum walls must be ultrasonically tested. 

5. Inspect the bottom of the drum for corrosion. Significant signs of corrosion warrant 
extreme caution when handling the drum. Overpacking may be necessary. 

Inspect the drum closure ring and bolt assembly for signs of deterioration. Replace 
if necessary. 

6. 

8.2.2 N-55 Overpack 

N-55 Overpacks shall be inspected and maintained per the manufacturer's recommendations 
and verified per 10 CFR 71, Subpart H. 

8.3 RECORDS AND DOCUMENTATION 

Visual inspection of drums shall be documented, including Quality Control verification, and 
maintained for the life of the drum or 5 years, which ever is longer. 
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’ PART B: PACKAGE EVALUATION 

1 .O INTRODUCTION 

1 .I SAFETY EVALUATION METHODOLOGY 

The 208 L (55-gal) drum packaging system includes four configurations, each having 
different performance characteristics. Three of the configurations involve the drum as the 
containment boundary and the exterior surface of the package. For these configurations, the 
normal transfer conditions (NTC) are based on Site conditions and the Type A performance 
capability of each drum. In the case of the N-55 Overpack configuration, the performance 
capability of the N-55 Overpack system is shown to meet the Type B requirements as evidenced by 
its Certificate of Compliance (CoC) USA/9070/B(U) (NRC 1996). 

The three drum configurations are each evaluated in terms of their performance in Site 
accident conditions. Failure thresholds are determined for the basic drum and are used to 
determine the predicted annual accident release frequency. This is performed for a single drum and 
for an array of drums. Separately, each drum configuration is evaluated in terms of its release 
potential to determine maximum dose consequences for an accident at the failure threshold. The 
form of the contents is considered. The N-55 Overpack system is shown to meet the hypothetical 
accident conditions by virtue of its CoC (NRC 1996). 

Shielding calculations are performed to determine key radionuclides, but are variable due to 
the nature of the contents. Measurement by the shipper will verify the limits are met. 

Criticality is evaluated based on minimum critical mass arguments. 

The controlling document for these evaluations is HNF-PRO-I 54, Responsibilities and 
Procedures for all Hazardous Material Shipments, which requires that the 208 L (55-gal) drums 
meet the onsite transportation safety criteria. The evaluations and analyses presented in Part B of 
this safety analysis report for packaging (SARP) were developed to meet the intent of 
HNF-PRO-154. 

1.2 EVALUATION SUMMARY AND CONCLUSIONS 

Source: Source terms are limited to those described in Part B, Section 2.0. Liquids are not 
allowed in the N-55 Overpack. 

Containment: It is shown in Part B, Section 7.0, that the 208 L (55-gal) drum meets the 
performance requirements for NTC. Venting is required for certain configurations due to gas 
generation (Part B, Section 9.0) to maintain retention of the radioactive contents. 

It is shown in Part B, Section 3.0, that single drums and arrays of drums meet the onsite 
transportation safety acceptance criteria for accident dose consequences when transported as 
required in Part A. 

Shielding: Shielding performance is reviewed in Part B, Section 5.0, and acceptance criteria 
are given in Part A. Measurement will verify that the limits are met. 
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Criticality: Criticality safety (Part B, Section 6.0) is shown using minimum critical mass 
arguments. Because of the variable nature of the contents and the accident performance of the 
drums, array restrictions on fissile material are imposed in Part A. 

It is concluded, with the above considerations, that the 208 L (55-gal) drums authorized by 
this SARP comply with the requirements of the HNF-PRO-154 when loaded with the contents 
identified. In addition, it is concluded that drums with contents exceeding the normal limits 
provided by this SARP may be shipped in an N-55 Type B Overpack provided the drums meet the 
N-55 Overpack use restrictions provided in Part A, Section 3.0, of this SARP. 

1.3 REFERENCES 

HNF-PRO-154, Responsibilities and Procedures for all Hazardous Material Shipments. Flour Daniel 
Hanford, Inc., Richland, Washington. 

NRC, 1996, Certificate of Compliance for Radioactive Materials Packages, USA/9070/B(U), 
U.S. Nuclear Regulatory Commission, Washington, D.C. 
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Attribute 
No. drums per shipment 
Venting requirement 

Wattsldrum 
Mass (kg) 
Fissile isotopes per drum (g) 

Total activity per single drum (Ci)* 
Total activity per drum in an array (Ci)' 

2.0 CONTENTS EVALUATION 

Maximum authorized 
One or array, maximum of four drums per row 
Optional 
See Part B, Section 9.0 Appendix, Fig. 2, for inorganic solids 
See Part 6, Section 9.0 Appendix, Fig. 3, for organic solids 
12 
658 
Fissile excepted 
25 A,s 
6 A+ 

2.1 CHARACTERIZATION 

The Steel Drum Packaging System is used to transport Type B quantities of liquid or solid 
radioactive material. Some packages may contain fissile material. 

Authorized contents include contaminated glass, paper, plastic, rags, wood, metal, soil, and 
other solid materials. Organic and inorganic liquids, absorbed or free, are also authorized subject to 
the limits listed below. 

The addition of shielding material inside the drum to reduce the external dose rates is 
strictly prohibited. 

In practice, the allowable quantity of a particular isotope may be limited by the source term 
definition as listed in the tables of this section, by the dose rate limits, or by the gas generation 
constraints. 

The source term has been divided into four categories: 

Payload 1. 
Payload 2. Fissile 
Payload 3. High activity 
Payload 4. Liquid. 

Nonfissile or fissile excepted 

The material quantities allowed and restrictions are shown in Tables B2-1 through 82-4. 
The maximum activities are based on the maximum source term allowed based on the dose 
consequence analysis in Part B, Section 4.0, of this SARP. The thermal limits are based on the 
thermal evaluation in Part B, Section 8.0, of this SARP. Maximum weights are based on the 
structural evaluation in Part B, Section 7.0, of this SARP. Venting requirements are determined by 
payload type as described in Part B, Section 9.0, of this SARP. Drum array restrictions are based 
on the accident conditions evaluated in Part B, Section 7.0, and dose consequence evaluation in 
Part B, Section 4.0, of this SARP. 
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Attribute 

No. drums per shipment 
Venting requirement 

Wattsldrum 
Mass (kg) 
Fissile isotopes per single drum (g) 
Fissile isotopes per drum in an array (g) 
Total activity per drum (Ci)* 
Total activity per drum in an array (Ci)' 

Table B2-2. Payload 2 Limits (Fissile, Solid). 

Maximum authorized 
One or array, maximum of four drums per row 
Required 
See Part B, Section 9.0 Appendix, Fig. 2, for inorganic solids 
See Part B, Section 9.0 Appendix, Fig. 3, for organic solids 
12 
658 
100 
45 
2,500 A2s 
600 A2s 

No. drums per shipment 
Venting requirement 

Wattsldrum 
Mass (kg) 
Fissile isotopes per drum (g) 
Fissile isotopes per shipment (g) 
Total activity per single drum (Ci)* 

Table 82-3. Payload 3 Limits (N-55 Overpack, Solid). 

I Attribute I Maximum authorized 

Two (one drum per N-55) 
Required 
See Part B, Section 9.0 Appendix, Fig. 2, for inorganic solids 
See Part B, Section 9.0 Appendix, Fig. 3, for organic solids 
5 
249 
200 
400 
27,000 Ci, less than 3,000 A,s 

Attribute 
No. drums per shipment 
Venting requirement 

Wattsldrum 

Table 82-4. Payload 4 Limits (Liquid). 

Maximum authorized 
One or array, maximum of four drums per row 
Required 
Reference Part B, Section 9.0, for specific guidance 
0.75 

~ 

Volume 
Fissile isotopes per single drum (g) 
Fissile isotopes per drum in an array (g) 
Total activity per drum (Ci)" 
Total activity per drum in an array (Ci)* 

40 L total 
100 
45 
2,500 A,s 
600 A2s 
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These limits are based on dose consequence analyses (see Part E, Section 4.0), criticality 
control (Part E, Section 6.0), and thermal constraints (Part E, Section 8.0). The intent of these 
restrictions is to allow an unlimited number of shipments (see Part 6, Section 3.0). 

2.1 .I Fissile Material Content 

The fissile material allowable contents are based on the dose consequence evaluation and 
the criticality analysis and are shown in Tables B2-1 to B2-4. 
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3.0 RADIOLOGICAL RISK EVALUATION 

3.1 INTRODUCTION 

The steel drum package is used to ship Type B quantities of radioactive material throughout 
the Hanford Site. Authorized contents include fissile quantities. Radiological risks are evaluated to  
determine compliance with.onsite transportation safety requirements per HNF-PRO-154. 

There are two  configurations of interest: drums shipped as packages and drums shipped 
inside N-55 overpacks. Drums shipped inside N-55 overpacks form a system that meets the 
performance requirements of the transportation regulations. Thus, that configuration meets the risk 
acceptance criteria. The other configuration is evaluated as follows. 

The assumptions for the radiological risk evaluation are the following: . . Highway mode 
Closed roads when traveling south of the Wye Barricade 
The drums withstand NTC. 

For accident environments, the drums must meet onsite transportation safety requirements 
as outlined in HNF-PRO-154 and Mercado (1994). The requisite safety is determined by a 
radiological risk evaluation that uses dose consequences, risk acceptance criteria, failure threshold 
values, and Hanford Site accident frequencies. For the evaluation, accidents are categorized as 
impact, crush, puncture, and fire. Risk acceptance criteria are outlined in Section 3.2. The dose 
consequence analyses results are discussed in Section 3.3. Failure thresholds are given in Section 
3.4. The analysis of accident release frequencies for associated failure thresholds is given in 
Section 3.5. The conclusion is Drovided in Section 3.6. 

3.1.1 Discussion and Results 

There are three drum internal configurations: (1) drum; (2) drum with liner, vented; and 
(3) drum with liner, vented, and internal containers. These drums may be transported either singly 
or in an array. The dose consequence analysis performed in Section 4.0 does differentiate among 
the three configurations in terms of release potential. However, the failure thresholds and 
associated annual accident frequencies are based on drum performance singly and in an array. 

The maximum authorized contents have been selected based on maintaining the drum as a 
Transportation Hazard Index (THI)-3 system. This has been done because of the general service 
nature of the drum and the associated components and because of the high-use rate of drums. 
Annual mileage associated with drum use will not be tracked. Since drums are frequently 
transported in large arrays (e.g., 20 drums), the predicted dose consequences from accidents 
involving an array were also evaluated. The dose consequence results from Section 4.0 are 
presented in Section 3.3. The annual accident release frequencies for a single drum and for an 
array are developed in Section 3.5. It is shown in Section 3.6 that the dose consequence 
acceptance criteria are met when the shipments are performed as required in Part A. 

3.2 RISK ACCEPTANCE CRITERIA 

Graded dose limitations for probable, credible, and incredible accident frequencies ensure 
safety in radioactive material packaging and transportation (Mercado 1994). The dose limitations 
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Description 

Incredible 

Incredible 

Credible 

Probable 

to the offsite and onsite individual for probable, credible, and incredible accident frequencies are 
presented in Table 63-1. 

Onsite Offsite 
Annual frequency dose limit dose limit 

Sv (rem) Sv (rem) 

< i o 7  None None 

i o 7  to <io-6 None 0.25 (25) 

10’6 to 10-3 0.05 (5) 0.005 (0.5) 

10-3 to 1 0.002 10.2) 0.0001 (0.01) 

Table 83-1. Risk Acceptance Criteria Limits (Effective Dose Equivalent). 

3.3 DOSE CONSEQUENCE ANALYSIS RESULTS 

The single drum configuration requiring no internal lining was evaluated based on 100% of ’ 
the contents being available for release. The drum configurations involving liners and/or inner 
containers were considered to have partial releases based on the form of the contents and the 
inherent barriers to release. In both cases, the maximum allowable source terms were selected 
such that the maximum dose to the onsite individual is less than 0.05 Sv (5 rem) and that the 
offsite dose is less than 0.005 Sv (0.5 rem). 

Since drums are frequently shipped in arrays, the performance of drums in an accident 
involving an array was evaluated in Part B, Section 7.0. It was found that, with high confidence, 
only the front row of an array is predicted to fail at the impact failure threshold. In Part A, the 
number of drums in a row is restricted to four drums. Consequently, the maximum source term per 
drum in an array is limited to one-fourth the maximum source term allowed in a single drum. 

3.4 PACKAGE FAILURE THRESHOLD ANALYSIS 

The failure thresholds of the steel drum have been determined for impact, puncture, crush, 
and fire as follows: 

. 

. 

hpac t :  48 km/h (30 mph) velocity change on to a typical Hanford Site surface (see 
Part B, Section 7.4) 

Puncture: v/r ratio of 40  sec” (v/r = velocity for small package puncture failure 
divided by the radius of the puncturing probe) (see Part B, Section 7.4) 

Crush: Assume fails static crush 

Fire: Assume fails any fire. 

There is an additional failure consideration for drums transported in an array. It is shown in 
Section 7.5 that the front row of drums may reach their failure threshold due to  dynamic crush 
caused by the rows behind them. This, in essence, changes the failure threshold for impact to 
include the following: 
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Impact: 40  kmlh (25-mph) velocity change due to dynamic crush of drums with a 
maximum of 2,268 kg (5,000 Ib) (726 kg [1,600 Ibl for retrieval drums) of weight 
behind the first row. 

Since the overall accident frequency is so low, it will be conservatively assumed, for 
simplicity, that the impact failure threshold is 40 km/h (25 mph) for either case. Note that drums 
are small packages, and we would normally include dynamic crush with static crush following 
Dennis et al. (1978). In this case, a specified tiedown system is used, which restricts the 
packages' movement, whereas Dennis et al. (1978) assumes the packages are free to move. 

The impact failure threshold is reported to be 48 km/h (30 mph) for a single drum in Part B, 
Section 7.0. Partial drum failure is shown to begin at 27.8 km/h (17.3 mph). Use of the 40 kmlh 
(25-mph) failure threshold defining a relatively complete loss of drum containment is conservative. 
Any partial release would still be below the dose consequence acceptance criteria. 

3.5 ACCIDENT FREQUENCY ASSESSMENT 

3.5.1 Approach 

The accident release frequency assessment is based on the assumption that all failure 
modes from the different forces described as impact, puncture, crush, and fire result in the same 
level of consequence. The union of the package conditional release probabilities from different 
scenarios with similar consequences is multiplied by the frequency of truck accidents to arrive at a 
total accident release frequency. 

The frequency (F) of a truck accident is the product of the annual number of trips, the 
number of miles per trip, and the accident rate per mile. 

= number of trips miles accidents x-x- 
year frip mile 

Hanford Site truck accidents have been compiled in a report using Site-specific data 
(Green et al. 1996), which gives the accident rate for trucks as 2.0 x I O '  accidents per mile. For a 
shipment of radioactive materials north of the Wye Barricade that is carried out by trained truck 
drivers during daylight hours in good road conditions, a total reduction factor of 40  can be applied 
to lower the rate to  5 x I O 9  (H&R 1995) accidents per mile. Appendix B of Recommended Onsite 
Transportation Risk Management Methodology (H&R 1995) summarizes statistics from the 
U.S. Department of Transportation (DOT) and the studies conducted by Sandia National Laboratory 
on accident responses of small and large packages. The report recommends reducing truck 
accident rates by 10 for "safe" truck drivers, a factor of 2 for travel north of the Wye Barricade and 
another factor of 2 for shipment of radioactive material. Travel south of the Wye Barricade will 
occur only on closed roads, which may reduce accidents by another factor of 20. However, this 
closed-road reduction factor is ignored. The reduction factors are based on the following logic. . Safe truck drivers: Hanford Site truck drivers have special training. Drivers must 

complete several driver's education courses, have a valid commercial driver's license 
with hazardous endorsement, complete specific training for highway route controlled 
quantities of radioactive material, and complete radiation worker and hazardous 
materials training. References show that drivers that participate in special safety 
programs reduce single-vehicle accident rates by up to a factor of 100. The H&R 
report (H&R 1995) recommends using an overall accident reduction factor of 10. 
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Force type Failure threshold 

Impact failure 

Crush failure 

Puncture failure 40 sec” 

Fire failure Fails any fire 

40 km/h (25 mph) 

> >7,260 kg (1 6,000 Ib) 

Travel north of the Wye Barricade: The general population is excluded north of the 
Wye Barricade. The roads are straight and generally flat. These conditions 
eliminate conditions caused by after-work activities, such as alcohol consumption 
and travel during limited visibility. Statistics show that the difference between 
travel during day and night leads to an accident reduction of 2.67. Therefore, 
although the steel drum is not limited to shipment during daylight hours, a 
conservative factor of 2 reduction is recommended for travel north of the Wye 
Barricade because there is a constraint on traveling during adverse weather 
conditions, which may affect visibility, and because no alcohol consumption is 
permitted on the Hanford Site. 

Travel south of the Wye Barricade: Travel will occur south of the Wye Barricade on 
closed roads. Road closure reduces rear-end collision by a factor of 10, and 
multiple-vehicle accidents are reduced by another factor of 20. However, only a 
reduction factor of 2 is applied in this analysis in order to be consistent with the 
approach to the portion of the shipment north of the Wye Barricade. 

Radioactive material: An additional factor of 2 is recommended based on the higher 
level of training required for drivers of vehicles carrying radioactive material and the 
higher level of caution that would be expected from drivers of cargos consisting of 
radioactive material. Conditional release probabilities for fire, crush, impact, and 
puncture are determined for highway from a Sandia National Laboratory study for 
accidents involving small packages (Clarke et al. 1976) and from a Hanford Site risk 
management study (H&R 1995). The conditional release probabilities are presented 
in the flow chart in Figure 63-1. 

Conditional probability ~oo~$!$f 

failure 

0.8935 0.08 

0.8935 x 0.05 1 

0.8935 x 0.224 0.039 

0.00467 + 0.8935 x 1 
0.00193 = 0.00639 

of occurrence 

3.5.2 Accident Release Frequency Analysis 

An accident sequence analysis is developed for each failure type (impact, puncture, crush, 
and fire) and presented in the event tree shown in Figure B3-1. Information for the conditional 
probability of occurrence and conditional probabilities of failure was taken from Clarke et al. (1976) 
and H&R (1 995). Mechanical failure conditional probabilities are further subdivided into those 
affected by fire. The conditional probabilities are summed for comparison to the risk criteria. 
A summary of the conditional probabilities and summation are shown in Table 83-2. 

Total conditional release probability 0.126 
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No Failure 

Figure B3-1. Flow Chart for Small-Package Accidents. 

Flow Chart for Small Package Accidents 

Fire Duration > F.T. 

Truck Accident 

I I 

PIF 

I Trivial I 

PCF 0.00193* 

I Collision, 

No Failure 

Overturn I 

Fire Duration > F.T. 

Fire Affects Package w 
I I I 

I Impact> F.T. I I Crush > F.T. 1 Fire Affects Package I 
No Failure 

F.T. = Failure Threshold 
PCF = ProbabililyofCNsh Failure 
PFF i: Probability of Fire Failure 
P,F = Prababilily of Impact Failure 
PpF i. Prababilityof Puncture Failure 

a) Clarke, 91 
b) Clarke, 13 
c) Clarke. 89 

’ 

i 
PFF 

I I I 
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The impact failure threshold was determined to be a 40 km/h (25-mph) change in velocity 
caused by dynamic crush (see Part B, Section 7.0). The annual probability of occurrence of a 
collision or overturn event is 0.8935 x F, and the conditional probability of impact failure is 0.08. 

Puncture probabilities are determined by the vlr ratio, which is the puncture failure threshold 
velocity divided by the radius of the probe. The probability of occurrence of collision or overturn is 
0.8935. This is multiplied by the probability of a puncture accident (0.224) and by the conditional 
failure probability for the 40 sed' failure threshold, which is 0.039. 

The drums are assumed to fail in any static crush or fire event. 

Note that partial drum failure begins occurring at 27 kmlh (17 mph). The conditional 
probability of impact failure at this threshold is 0.13. It is shown in Section 3.5.2 that the annual 
accident release frequency is well within the THI-3 dose consequence acceptance criteria range. 

Fire failure has a conditional release probability of 0.0064. This event is shown in 
Section 3.6 to  have an annual release frequency of below I O 6 .  

3.5.2 Joint Probabilities 

The joint probability is calculated by taking the union of events (McCormick 1981). The 
equation represents the sum of the probabilities of independent events while the subtracted terms 
eliminate double counting arising from the overlap caused by the intersection of the events. The 
general equation is given as: 

N N - 1  N 
P(A, + A ~ + . . .  + A ~ )  =E P(AJ -E E P(A,A,) + - 

.... +( -I)~-~P(A~A~...AJ. 
n = l  "=I m=n+1 

where 

P(fla) = the probability of fire given that an accident has occurred 
P(fc1a) = the probability of fire and crush given that an accident has occurred 

and 

P(FTE f l f )  = the probability that the failure threshold is exceeded by fire given that a fire 
has occurred 

then the above equation can be expanded and written as: 

P = P(fla) P(FTEf1f) + P(cla) P(FTEc1c) + P(lla) P(FTE 111) + 
P(pla) P(FTE PIP) - P(fcIa) P(FTE f l f )  P(FTE c lc)  - 
P(fi1a) P(FTEf1f) P(FTE 111) - . . . 

Thus, the values from the flow chart in Figure 83-1 and the conditional probabilities from 
Table 83-2 vield a total conditional release probability of 0.1 26. 
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3.6 EVALUATION AND CONCLUSION 

Table 63-2 shows the conditional release probabilities calculated for each scenario and 
sums them to give a total conditional release probability. The summed probability is then multiplied 
by F, the frequency, t o  arrive at an annual accident release frequency. With a total conditional 
release probability of 0.126 and the reduced accident frequency of 5 x 109/mi, the accident release 
frequency is 6.3 x 10-’O/mi. It is highly unlikely that there would be more than 16,093 km 
(10,000 mi) of shipments in any year; thus, an annual accident release frequency of 6.3 x 1 0 6  is 
bounding. 

The dose consequence values determined in Section 4.0 that are related to the total 
conditional release probability are based on impact-related release. Fire release was also reviewed. 
From Section 3.5.1 fire has a conditional probability of release of 0.0064 with an accident 
frequency of 5 x 10-9/mi; this results in a fire release frequency of 3 x 10-”/mi. Assuming 
16,093 km (10,000 mi) per year, the annual fire release frequency is 3 x 10’. It is shown in 
Section 4.0 that releases due to fire meet the acceptance criteria for this frequency. 

Since the dose consequences are below the acceptance criteria when shipments are 
conducted in accordance with the requirements of this SARP, the shipment of the steel drums 
meets the onsite transportation safety requirements without mileage restriction. 
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a 
@ CHECKLIST FOR CHECKING OF ANALYSISKALCULATIONS 
“WAW 

No 

I 1  

[ I  

NIA 

1 1  

I 1  

I have check 
knowledge. 

I 1  

1 1  

I 1  

1 1  

M 

M 

[ I  

I 1  

t 1  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

it is complete and accurate to  the best of my 

Date+ 

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to  this checklist. Material should be labeled and recorded so that it is intelligible t o  a technically qualified third party. 
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4.0 CONTAINMENT EVALUATION 

4.1 INTRODUCTION 

The 208 L (55-gal) drum provides one containment barrier for all four payload types. The 
containment boundary consists of the 208 L (55-gal) drum, lid, and bolting ring and in some cases 
a NucFil' filter. The drum provides contents retention during NTC. For unvented drums, internal 
pressure is negligible due to a lack of gas generation and low internal heat loading. Drums vented 
by NucFil filter are equalized with the outside atmosphere. 

Containment performance of the drum in an accident is evaluated based on predicted failure 
thresholds and dose consequences. The entire package is considered in the release evaluation. 

For Payload 3, the drum is transported in an N-55 Overpack. The N-55 Overpack is a 
Type B Package that has been tested to the NRC regulation to meet normal and hypothetical 
accident conditions. This configuration meets the containment requirements and is not evaluated 
further in this section. 

4.2 CONTAINMENT SOURCE SPECIFICATION 

The authorized contents are described in Part B, Section 2.0. Typical Payload 1 and 2 
contents include contaminated glass, paper, plastic, rags, metal, and other solid material. 
Payload 4 contents include liquids. 

There are three drum internal configurations of interest. The basic configuration depends 
only on the drum for containment and does not require venting. This configuration provides the 
least accident release protection and is restricted to Payload 1 contents. The second configuration 
involves the basic drum, NucFil filter, and drum liner. This configuration is authorized for Payload 2 
contents, which may be gas generating and fissile. Because of the internal drum configuration, the 
allowable contents are higher. The third configuration provides for certain liquid contents, defined 
as Payload 4. The configuration involves the basic drum, NucFil filter, and inner containers. 

Payload 1 and 2 releases are evaluated to determine the maximum allowable source terms 
in Section 4.4. Payload 4 contents are well bounded by the Payload 2 evaluation and are not 
evaluated further. 

4.3 NORMAL TRANSFER CONDITIONS 

The performance of a 208 L (55-gal) drum alone and in an array is evaluated under NTC in 
Section 7.0. The specific conditions are defined in Section 7.2.3.1. The drums are shown to  
retain the contents under NTC. 

4.4 ACCIDENT CONDITIONS 

This section evaluates the accident dose consequences for Payloads 1, 2, and 4. Payload 3 
of Part B, Section 2.1, is not specifically evaluated because the overpacked drum meets the 
performance requirements for a certified packaging. The N-55 system is acceptable as a THI-1 
package. 

'NucFil is a trademark of NFT Incorporated. 
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Tables 64-1 and 64-2 list the individual dose-consequence-based isotope limits that result in 
a THI-3 for the payload types. The activities are derived as shown in Tables 64-3a and b. These 
contents are THI-3. The criteria for THI-3, as stated in HNF-PRO-154 is as follows: 

"THI-3: This represents the second lowest level of hazard from the contents. 
A packaging system assigned this level transports material that has the potential of 
causing a dose consequence to an individual between 0.01 rem and 0.5 rem at the 
Hanford Site boundary, or between 0.2 rem and 5 rem within the site, if fully 
released." 

Table 64-1. Dose-Consequence-Based Isotope Limits for Payload 1. 

The activities presented in Table 64-1 represent the maximum values per isotope to  reach 
the THI-3 dose consequence limits. As shown in Part 6, Section 5.0, the predominant 
gamma-emitting isotopes, such as 6oCo, will be restricted to  well below the reported activities by 
the dose rate limits given in Part A. Otherwise, the contents will be restricted to 25 A+. 
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Table 84-2. Dose-Consequence-Based Isotope Limits for Payload 2. 

The activities presented in Table 84-2 represent the maximum values per isotope to reach 
the THI-3 dose consequence limits. As shown in Part B, Section 5.0, the predominant 
gamma-emitting isotopes, such as 6oCo, will be restricted to well below the reported activities by 
the dose rate limits given in Part A. Otherwise, the contents will be restricted to  25 A,s. 

4.4.1 Introduction and Overview 

The following sections discuss the general methodology used to perform the dose 
consequence calculations, the source term used, and the various exposure pathways considered. 

4.4.2 Dose Consequence Analysis Methodology 

IAEA (1 990) defines a standardized approach for evaluating transportation packaging 
requirements, called the Q-system. The Q-system methods have been incorporated into a 
Westinghouse Hanford Company document Report on Equivalent Safety for Transportation and 
Packaging o f  Radioactive Materials (Mercado 1994). This SARP demonstrates that onsite 
shipments meet onsite transportation safety requirements per HNF-PRO-154. 

In the Q-system, the following five exposure pathways are considered: (1) external 
exposure to photons, (2) external exposure to p-particles, (3) inhalation, (4) skin contamination and 
ingestion, and (5) submersion in a cloud of gaseous isotopes. In special cases such as a-particle or 
neutron emitters, other exposure routes are considered. In some cases, a pathway will be judged 
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to be small with respect t o  the others, and consideration will be minimal. Modifications to the 
IAEA scenarios are incorporated to more closely describe the particular conditions of the shipment. 
Detailed calculations for the postulated accident are performed whenever possible. However, in 
some cases, IAEA's (1 990) worst-case rules-of-thumb are used. 

The Q-system was developed as an all-encompassing generalized methodology using only 
the isotope as the defining variable. In this report, the specifics of the package are considered. 
Some of the dose pathways may be considered incredible (frequency <10-6/yr), and although these 
pathways are covered in IAEA (1990), they are disregarded in the analysis. 

In this IAEA system, the Q-values that are calculated are the radionuclide activities 
corresponding to each exposure route that causes the individual to receive the effective dose 
equivalent limit. The minimum Q-values define the A, values for the shipped materials. In the case 
of nondispersible materials (limited by the A, values), only the first two Q-values (based on 
exposure to  external photon and external beta particles) are used. Note that for all radiation except 
neutrons, protons, and heavier charged particles (including a particles), 1 Gray (Gy) = 1 Sievert 
(Sv), and 1 rad = 1 rem. 

There are two  receptors of interest in the Q-system. They are the Hanford Site worker and 
the public receptor. The Hanford Site worker is assumed to be located 3 m from the package. The 
public receptor is assumed to be located at the point of public access incurring the greatest dose, 
determined to be via inhalation on the Columbia River adjacent to the 300 Area. A comparison of 
the THI-3 dose limits and the parameters used in calculating the onsite and offsite inhalation doses 
shows that the onsite limits are reached by the worker before the offsite limits are reached by the 
public receptor. As a result, limiting the onsite worker's exposure to onsite limits will keep the 
public receptor's exposure below offsite limits. Thus, only the dominating case of the onsite . 
worker is considered herein. 

4.4.2.1 Source Term. The activity limits for the drums were derived by calculating the dose 
consequence that would meet the THI-3 limits. Rather than setting radionuclide-specific limits, 
limits are set for three categories of radionuclides based on historical waste streams generated 
onsite. Limits on specific radionuclides are not imposed because of the large number of 
radionuclides that are transported onsite. If other limits, such as thermal, are more restrictive, then 
those nuclides are flagged for individual restriction. 

As stated in the previous section, the dose to an onsite worker is predicted to dominate the 
dose consequences for a THI-3, and so the appropriate dose consequence pathways for detailed 
calculations are inhalation, external beta radiation, and external gamma radiation. The computer 
program GENU version 1.485 (Napier et al. 1988) is used to obtain the inhalation dose normalized 
per curie to  an onsite worker for radionuclides commonly found onsite. The THI-3 dose limit of 
5 rem was then divided by the normalized rem per curie inhalation dose to obtain the activity 
required for a 5-rem onsite inhalation dose. The activities required for 5 rem by the external beta 
and external gamma pathways are similarly obtained; details are given in the sections for the 
respective pathways below. To obtain the activity required to give a 5-rem onsite dose from the 
simultaneous exposure to these three pathways, the 5-rem limit is divided by the sum of the 
normalized doses per curie. This activity was then compared to the activities calculated from limits 
other than dose consequence. 

Inhalation dominates the dose consequence exposure pathways, and the dose is dependent 
on the'choice of the airborne release fraction and respirable fraction (DOE 1994). These fractions 
are a function of the accident scenario and drum contents. Because 95% of the drum payloads are 
expected to transport surface-contaminated trash (e.g., paper, rags, cardboard, and plastic), the 
release scenario is based on the estimated fraction available for release. A discussion of release 
fractions is given in Section 4.4.2.4, "Inhalation and Ingestion Dose." 
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Nuclide 
CO 60 
SR 90 
Y 90 
ZR 93 
NB 93M 
CS 137 
BA 137M 
CE 144 
PR 144M 
PR 144 
EU 152 
EU 154 
RA 225 
AC 225 
TH 229 
TH 231 
TH 234 
PA 233 
PA 234 
NP 237 
NP 238 
PU 238 
PU 239 
PU 240 
PU 241 
PU 242 
AM 241 
CM 242 

233 
U 234 
U 235 
U 236 
U 237 
U 238 
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Table B4-3a. Evaluation of Payload 1 Dose Consequences. 

INHALATION 

Inhalation 
Inhalation dose Der Ci at 
ise per Ci at 3 m, x ARF. Activity for 5 
00 m (rem) RF (rem) rem (Ci) 
4.9E+00 1.5E-02 3.4E+02 
4.9E+00 1.5E-02 3.4E+02 
2.1E-01 6.3E-04 7.9E+03 
7.6Ec00 2.3E-02 2.2€+02 
7.2E-01 2.2E-03 2.3E+03 
7.3E-01 2.2E-03 2.3E+03 

inciuded with Cs 137 
6.9E+00 2.7E-02 1.9E+02 

0 0 
0 0 

5.OE+00 1.5E-02 3.3E+02 
6.6E+00 2.OE-02 2.5E+02 

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

0 0 
1.5E+04 4.5E+01 1.1E-01 

9.4E+03 2.8E+01 1.6E-01 
1.OE+04 3.OE+01 1.7E-01 
1.OE+04 3.OE+01 1.7E-01 
2.OE+02 6.OE-01 6.3E+00 
9.7E+03 2.9E+01 1.7E-01 
l.lE+04 3.3E+01 1.5E-01 
4.1E+02 1.2E+00 4.1E+00 
3.2E+03 9.6E+00 5.2E-01 
3.2E+03 9.6E+00 5.2E-01 
3.OE+03 9.OE+Ob 5.6E-01 
3.OE+03 9.OE+OO 5.6E-01 

2.8E+03 6.4E+00 6.OE-01 
0 0 

BETA 

Yhde Body ActMly for f 
?ta dose per rem - beta 
Ci (rem) only (Ci) 

ISE-04 3.3E+04 
1.3E-02 3.9E+02 

3.8E-04 1.3E+04 

1.3E-02 3.9E+02 
4.2E-04 1.2E+04 
1.2E-03 4.1E+03 

1.1E-03 ' 4.5E+03 

1.9E-03 2.6E+03 

PHOTON 

Activity for 5 
'hoton dose rem; gamma 
ErCi (rem) only(Ci) 
9.7E-02 5.2E+01 
1.5E-05 3.3E+05 
3.2E-04 1.6E+04 
3.1E-08 1.6E+08 
5.OE-06 9.9E+05 
2.9E-02 1.7E+02 

included wiih Cs 137 
1.2E-03 4.2E+03 

1.7E-03 2.9E+03 
5.2E-02 9.7E+01 
5.4E-02 9.2E+01 
9.8E-04 5.1E+03 
8.8E-04 5.7E+03 
5.6E-03 8.9E+02 
1.3E-03 3.8E+03 
ME-04 8.7E+03 
1.3E-02 3.8E+02 
9.1 E-02 5.5E+01 
1.8E-03 2.7E+03 
2.3E-02 2.2E+02 
4.6E-05 1.1E+05 
1.1E-05 4.5E+05 
2.1E-06 2.4E+06 
8.2E-06 6.1E+07 
3.7E-05 1.3E+05 
1.7E-03 2.9E+03 
3.1E-05 1.6E+05 
1.9E-05 2.7E+05 
2.6E-05 1.9E+05 
8.9E-03 5.6E+02 
5.4E-06 9.2E+05 
6.7E-03 5.6E+02 
2.OE-05 2.6E+05 

COMPOSITE 

nhalalion. beta, &gamma 

4.5E+01 4.OE-02 
3.4E+02 2.5E+00 
3.6E+02 6.6E-04 
2.2E+02 8.5E+04 
2.3E+03 9.7E+00 
1.6E+02 1.8E+00 

included wiih Cs 137 
1.8E+02 ME-02 

3.4E+02 4.6E-06 
7.5E+01 4.3E-01 
6.6E+01 2.4E-01 
5.1E+03 1.3E-01 
5.7E+03 9.6E-02 
8.9E+02 4.2E+03 
3.8E+03 7.2E-03 
8.7E+03 3.8E-01 
3.8E+02 1.8E-02 
5.4E+01 2.7E-05 
1.1E-01 1.6E+02 
2.0E+02 7.7E-04 
1.8E-01 1.OE-02 
1.7E-01 2.7E+00 
1.7E-01 7.3E-01 
8.3E+00 6.1E-02 
1.7E-01 4.4E+01 
1.5E-01 4.4E-02 
4.1E+00 1.2E-03 
5.2E-01 5.4E+01 
5.2E-01 8.4E+01 
5.6E-01 2.6E+05 
5.6E-01 6.6E+03 
5.8E+02 7.1E-03 
6.OE-01 1.8E+06 

x I Q = 7.32E-02 slm3 
ARF x RF = 1.00E-04 
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- Table E4-3b. Evaluation of Payload 2 Dose Consequences. 

Nuclide 
CO 60 
SR 90 
Y 90 
ZR93 
NE 93M 
CS 137 
EA 137M 
CE 144 
PR 144M 
PR 144 
EU 152 
EU 154 
RA 225 
AC 225 
TH 229 
TH 231 
TH 234 
PA 233 
PA 234 
NP 237 
NP 238 
PU 230 
PU 239 
PU 240 
PU 241 
PU 242 
AM 241 
CM 242 
u 233 
U 234 
U 235 
U 236 
U 237 
U 230 

INHALATION 

lnhalatihl 
Inhalation dose per Ci at 
BeperCiat Bm,xARF. Adivityfor5 
00 m (rem) RF (rem) rem (Ci) 
4.9E+00 1.5E-04 3.4E+04 
4.9E+00 1SE-04 3.4E+04 
2.1E-01 6.3E-06 7.9E+05 
7.6E+00 2.3E-04 2.2E+04 
7.2E-01 2.2E-05 2.3E+05 
7.3E-01 2.2E-05 2.3E+05 

included wifh Cs 137 
8.9E+00 2.7E-04 1.9E+04 

0 0 
0 0 

5.OE+00 1.5E-04 3.3E+04 
6.6E+00 2.OE-04 2.5E+04 

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

0 0 
1.5E+04 4.5E-01 I.lE+OI 

9.4E+03 2.8E-01 1.8E+01 
1.OE+04 3.OE-01 1.7E+01 
1.OE+04 3.OE-01 1.7E+01 
2.OE+02 6.OE-03 8.3E+02 
9.7E+03 2.9E-01 1.7E+01 
l.lE+04 3.3E-01 1.5E+01 
4.1E+02 1.2E-02 4.1E+02 
3.2E+03 9.6E-02 5.2E+01 
3.2E+03 9.6E-02 5.2E+01 
3.OE+03 9.OE-02 5.6E+01 
3.OE+03 9.OE-02 5.6E+01 

2.8E+03 8.4E-02 6.OE+01 
0 0 

BETA 

Yhde Body Adivityforf 
:ta dose pi rem - beta 
Ci (rem) only (Ci) 

1.5E-04 3.3E+04 
1.3E-02 3.9E+02 

3.8E-04 1.3E+04 

1.3E-02 3.9E+02 
4.2E-04 1.2E+04 
1.2E-03 4.1E+03 

1.1E-03 4.5E+03 

1.9E-03 2.6E+03 

PHOTON 

Activity far 5 
'hathl dase rem - gammr 
E r  Ci (rem) only (Ci) 
9.7E-02 5.2E+01 
1.5E-05 3.3E+05 
3.2E-04 1.6E+04 
3.1E-08 1.6E+08 
5.OE-06 9.9E+05 
2.9E-02 1.7E+02 

included wdh Cs 137 
1.2E-03 4.2E+03 

1.7E-03 2.9E+03 
5.2E-02 9.7E+01 
5.4E-02 9.2E+01 
9.8E-04 5.1E+03 
8.8E-04 5.7E+03 
5.6E-03 8.9E+02 
1.3E-03 3.8E+03 
5.8E-04 8.7E+03 
1.3E-02 3.8E+02 
9.1E-02 5.5E+01 
1.8E-03 2.7E+03 
2.3E-02 2.2E+02 
4.6E-05 1.1E+05 
l.lE-05 4.5E+05 
2.1E-06 2.4E+06 
8.2E-OB 6.1 E+07 
3.7E-05 1.3E+05 
1.7E-03 2.9E+03 
3.1E-05 1.6E+05 
1.9E-05 2.7E+05 
2.6E-05 1.9E+05 
8.9E-03 5.6E+02 
5.4E-06 9.2E+05 
8.7E-03 5.8E+02 
2.OE-05 2.6E+05 

COMPOSITE 

inhalation. beta. &gamma 

5.2E+01 4.6E-02 
1.6E+04 1.2E+02 
3.8E+02 7.OE-04 
2.2E+04 8.5E+06 
1.9E+05 7.8E+02 
1.7E+02 1.9E+00 

included wifh Cs 137 
3.4E+03 l.lE+OO 

3.4E+02 4.6E-06 
9.6E+01 5.5E-01 
8.9E+01 3.3E-01 
5.1E+03 1.3E-01 
5.7E+03 9.8E-02 
8.9E+02 4.2E+03 
3.8E+03 7.2E-03 
8.7E+03 3.8E-01 
3.8E+02 1.8E-02 
5.4E+01 2.7E-05 
I.IE+OI 1.6E+04 
2.OE+02 7.7E-04 
1.8E+01 1.OE+00 
1.7E+01 2.7E+02 
1.7E+01 7.3E+01 
8.3E+02 8.1 E+OO 
1.7E+01 4.4E+03 
1.5E+01 4.4E+00 
4.1E+02 1.2E-01 
5.2E+01 5.4E+03 
5.2E+01 8.4E+03 
5.1E+01 2.3E+07 
5.6E+01 8.6E+05 
5.8E+02 7.1E-03 
6.OE+01 1.8E+08 

X I  Q = 7.32E-02 s/m3 
ARF X RF = 1.00E-06 
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Note that the release assumptions are developed separately for Payload 1 and Payload 2 
contents. Payload 1 contents are those authorized to be transported in an unvented drum that 
provides the only barrier to release. Payload 2 contents are transported in a vented drum with 
internal release barriers, such as bags and liners. 

4.4.2.2 External Dose Due to  Photon Exposure. The external dose due to photons is considered in 
the scenario that assumes a person is exposed to a damaged transport package following an 
accident, in which the shielding of the package is assumed to be completely lost. This analysis is 
done assuming a person remains 3 m from the source for a period of 15 minutes. The 3 m distance 
and 15-minute exposure period differ from the IAEA scenario where the worker is assumed to 
remain 1 m from the source for a period of 30 minutes. The greater distance and shorter exposure 
period are justified because the Hanford Site emergency response occurs in less than 15 minutes, 
and site workers will remain at a much greater distance than 1 m from a damaged package 
consistent with their radiological worker training. Also, drivers are generally at least 3 m from rhe 
radiological source contained in the package. 

The external dose due to photon exposure is calculated using the computer program ISO-PC 
(Rittman 1995). This code calculates the dose rate due to photons from gamma sources plus the 
bremsstrahlung radiation produced by the deceleration of P-particles. The fluence-to-dose 
conversion factors used are for the anterior-to-posterior orientation. For solid materials, the waste 
matrix is considered to be polyethylene with a density of 0.5 glcm3 (compacted trash). This 
assumption represents the minimum self-shielding of organic and inorganic wastes. The isotope of 
interest is assumed to be uniformly distributed throughout the waste matrix. The ISO-PC input files 
for each isotope are shown in Part B, Section 4.4.4.1. The photon dose consequences are included 
in Table B4-2a,b. 

4.4.2.3 External Dose Due to  P-Particles. Because of the limited range of P-particles relative to 
that of photons, a shielding factor is used by the IAEA to account for residual shielding from such 
material as package debris. Except for this factor, no effort is made to account for either self- 
shielding or shielding from an accurate'model of the damaged package in this calculation. Shielding 
and dose rate factors are graphed in IAEA (1990) as a function of the maximum energy of the 
p-particle. The IAEA dose rate calculation methods are based on an individual located 1 m from 
the unshielded source. 

This analysis assumes an individual remains at a distance of 3 m from the source for a 
15-minute exposure period. A factor is applied to the dose rates calculated using the IAEA method 
to account for the difference between the 1 m distance assumed in developing the shielding factors 
and the 3 m distance in this analysis. This factor is conservatively taken to be 0.333 I(1 m)/(3 m)], 
since the dose rate falls off somewhere between l lr and 113, where r i s  the distance from the 
source. This also conservatively ignores any attenuation of the beta particles over the 3 rn 
distance. 

Table 64-4 provides the dose calculations for P-particle emitters likely to be transported in 
the drum. The 15-minute effective dose equivalent is the whole-body dose per curie at 3 m from 
the source to the skin, using a tissue weighting factor of 0.01 (ICRP 1991). The p dose 
consequences are included in Table B4-3a,b. 

4.4.2.4 Inhalation and Ingestion Dose. The dose due to inhalation and submersion in a plume of 
radioactive material made airborne is considered in the scenario in which the drum is exposed to  a 
stress that causes radionuclides to  be resuspended or volatized. This stress is assumed to be due 
to impact or a fire, which causes a fraction of the material to be suspended in air as an aerosol and 
available for transport. Of this amount, a fraction is of the appropriate size to be inhaled into the 
human respiratory system. Worst-case meteorological conditions transport the plume downwind, 
where the 50-year dose equivalent commitment to a receptor is calculated. 
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Dose Shielding rate (MeV) factorb 
Branching E,,, 

isotope Ratio 

15-minute 
Effective Dose Total Dose 

rate' 
(rem,h,Ci) Equivalent 

(rem/Ci) 
90Sr 1 1.00000 I 0.546 I 1.8E-4 I 100 I 6.00E-2 I 1.50E-4 

137Cs I 0.94600 I 0.51155 I 1.8E-4 I 100 I 5.68E-2 3.74E-4 

'"Pr 
~ 

lszEu 

0.05400 1.17320 3.1E-4 6 9.30E-2 
0.01170 2.2995 3.1E-4 2 6.04E-2 1.28E-2 
0.97740 2.996 3.1E-4 2 5.05EO 

1 5 4 E ~  

234pa 

0.00890 
0.08440 
0.36500 
0.1 7400 
0.11400 
0.24000 
0.16000 
0.03800 
0.07700 
0.10000 
0.06200 
0.01 700 

1.0638 
1.4749 
0.5694 

0.83918 
1.8439 

0.68869 
0.71069 
0.71 124 
0.81039 

1.183 
1.2378 
1.2444 

1.8E-4 
1.8E-4 
3.1E-4 
3.1E-4 
3.1E-4 

1.53E-2 
1.45E-1 
2.1 9E-2 
5.22E-2 
3.93E-1 
1.44E-2 

1 .14E-2 
2.31 E-2 

4.80E-2 

1.72E-1 
1.07E-1 
2.93E-2 

4.OE-2 

1.17E-3 

1.05E-3 

I 0.00800 I 1.2592 I 3.1E-4 I 6 I 1.38E-2 I 
238Np I 0.45000 I 1.2478 I 3.1E-4 I 6 I 7.75E-1 I 1.94E-3 

'Dose rate factor in units of Gylh or Sv/h for a 1 mCi source from IAEA (1 9901. 
bShielding factor from IAEA (19901. 
'Note that a factor of 0.3333 is applied to the dose rates to account for a receptor distance 

of 3 m for this analysis, versus the 1 m distance assumed in the development of the dose rate 
factors from IAEA (1 9901. Only p decay paths leading to dose rates greater than 10 mremlhCi are 
shown. 

Radioactive Material, Safety Series No. 7, Second Edition (As Amended 19901, International Atomic 
Energy Agency, Vienna, Austria. 

IAEA, 1990, Explanatory Material for the IAEA Regulations for the Safe Transport of 
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The integrated normalized air concentration (xIQ') is used to characterize the dilution of the 
airborne contaminants during atmospheric transport and dispersion and is a function of the 
atmospheric conditions and distance to  the receptor. Values for 16 sectors that represent the 
compass points (Le., S, SSW, SW, etc.) at the onsite (100 m) location for the 100, 200, 300, and 
400 Areas are generated using the computer program GXQ version 4.0 (Hey 1994a, 1994b). 
These values are exceeded in their respective sector only 0.5 % of the time. The maximum value of 
all sectors is chosen as the value of x / Q  used in the analysis. The maximum value is 
7.32 E-2 s/m3; this value corresponds to a receptor located 100 m from the release point in the 
100 Area. 

Unit activities of the nuclides most likely to be transported in the drum and the appropriate 
value of x / Q  are used in GENII. GENU calculates for each nuclide the 50-year effective dose- 
equivalent commitment; i.e., the dose to an individual that will accumulate during the 50 years 
following the intake of radioisotopes from an acute release considering the quality factor of the 
radiation and the sensitivity of the organ. To convert the onsite dose given by GENll at 100 m to a 
corresponding dose at 3 m, a factor of 30 is applied in accordance with IAEA (1990). The 
inhalation dose consequences are included in Table B4-2a,b. The input files from GENll are 
included in Part B, Section 4.4.4.2. These calculations used the Worst Case solubility class library. 
which is the most conservative library. The GENll libraries used were as follows: 

GENll Default Parameter Values (28-Mar-90 RAP) 
Radionuclide Library - Times< 100 years (23-July-93 PDR) 
External Dose Factors for GENll in person Sv/yr per Bq/n (8-May-90) 
Worst Case Solutibilities, Yearly Dose Increments (23-July-93 PDR). 

A formula for the airborne source term to be used in the calculation of the inhalation dose is 
taken from DOE (1994). given by 

where 
airborne source term = MAR . DR . ARF . RF . LPF 

MAR = material at risk, 
DR = damage ratio, 
ARF = airborne release fraction, 
RF = respirable fraction, and 
LPF = leakpath factor. 

Payload 2 

MAR is the amount of each radionuclide (Ci or g) available to be acted on by a given 
physical stress. Because an impact would affect the entire inventory of the drum, MAR is 100%. 

DR is the fraction of the MAR actually affected by accident-generated conditions. 
A postulated impact scenario will not result in the entire drum contents being ejected and strewn 
about. The structural analysis (Part B, Section 7.0) for the worst-case corner drop indicates that 
the drum lid will be significantly deformed; however, it remains in such a condition that it will 
prevent the drum contents from being completely released. The impact is of short duration and will 
therefore affect only a fraction of the waste material near the top of the drum. It is assumed for 
this analysis that the DR is 0.1; Le., 10% of the contents are involved in the release. 

ARF is the fraction of radioactive material suspended in air as an aerosol and thus available 
for transport due to physical stresses from a specific accident. RF is the fraction of the radioactive 
airborne particles that can be transported through air and inhaled into the human respiratory 
system, commonly assumed to include particles 10 mm aerodynamic equivalent diameter and less. 
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The aerodynamic equivalent diameter is the diameter of a sphere of density 1 g/cm3 that exhibits 
the same terminal velocity as the particle in question. Median and bounding values of ARF and RF 
are found in DOE (1994) for several materials for various damage scenarios. These data are based 
on common industrial accidents likely to be encountered in nonreactor nuclear facilities. While the 
experimental conditions used in the determination of the data may not exactly match the event 
conditions, values are taken from the scenario that most closely matches the event. 

Because 95% of the drum payloads are expected to transport surface-contaminated waste 
(e.g., paper, rags, cardboard, and plastic) and the reasonable accident scenario is some type of 
impact, ARF and RF are given as 1E-3 and 0.1, respectively (DOE 1994). These values are derived 
considering both the free-fall of powder and the free-fall of surface-contaminated waste. 

LPF is the fraction of the radionuclides in the aerosol transported through some 
confinement. Here, the confinement includes the contents (rags, paper, etc.), liners, and the steel 
drum. As mentioned above, the drum lid remains in such a condition that it will prevent the drum 
contents from being completely released after the postulated impact accident event. The release of 
radioactive material to the environment will occur through a breach or tear in the top of the drum 
liner that was caused by the impact event. The surface area of the material loaded in the drum is 
much greater than the exposed surface area for release. Therefore, the contamination on the 
internal surfaces has to pass through a tortuous path before it is released to the environment, 
which greatly reduces the amount of radioactive material that becomes airborne. The LPF is 
assumed to  be 0.1 for this analysis, which accounts for the filtration effect of the contents 
themselves and the way the contents are packed. 

Substituting these values of MAR, DR, ARF, RF, and LPF into the equation for the airborne 
source term yields 1 .O x 0.1 x lo3 x IO.' x 10" = 1 x l o 6  times the source activities in 
Table B4-3b. The resulting source term is used to obtain the inhalation dose consequences in 
Table B4-3b. 

A bounding ARF x RF value of 5 x (DOE 1994) for packaged mixed waste under 
thermal stress conditions is applicable to  drums containing mixed radioactive waste for an accident 
scenario involving a fire. A value of 1 for the DR and LPF is appropriate for a fire scenario where it 
is assumed that the entire drum is engulfed in flames. The ARF x RF x DR x LPF for the fire 
scenario is 500 times that for the nonfire scenario, which results in the inhalation dose 
consequences being 500 times greater than those for the nonfire scenario. However, the risk 
evaluation indicates that the frequency of an accident involving a fire is so low (< 
are no specific limits on the allowable dose for the onsite worker, and the allowable dose to the 
public is 25 rem. Therefore, the nonfire scenario dose consequence results are more restrictive 
than those for the fire scenario for this analysis. 

Payload 1 

that there 

The MAR, ARF, and RF vaiues remain the same for Payload 1 : 1 .O, 1 05, and 0.1, 
respectively. However, DR and LPF are assumed to be 1 .O and 1 .O. respectively, since the 
Payload 1 drum configuration cannot be assumed to inhibit the release of the radioactive material. 
The resulting source term is used to obtain the inhalation dose consequences in Table B4-3a. 

Payload 4 

The packaging configuration for liquids consists of absorbent material surrounding the inner 
containment, which consists of 4 L poly bottles with screw caps. A second barrier of the inner 
containment is provided by placing the poly bottle inside a vented poly bag, which is closed either 
by heat sealing or by twisting the end and sealing with tape. The outer container consists of the 
drum with a 90-mil rigid polyethylene liner. 
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The postulated accident impact event may result in the failure of one or all of the poly 
bottles contained in the drum and the breaching of the vented poly bag, thus releasing the liquid 
contents inside the drum. Because the absorbent pads are placed above and below the poly 
bottles, very little free liquid would be available for release through the opening in the drum caused 
by deformation of the drum lid, which is the only pathway to the environment. Note that it is very 
likely that the 90-mil rigid polyethylene liner would maintain its integrity following the postulated 
impact event, thus preventing any release of liquid to the environment. 

However, for this evaluation, it is assumed that one percent (Le., 0.01) of the total liquid 
contained in the bottles is available as free liquid near the opening in the drum. The value of 
one percent accounts for the DR and LPF for the packaging configuration (i.e., absorbent, poly 
bottles, vented poly bag, 90-mil polyethylene liner, and drum) for the liquids. 

A bounding ARF x RF value of 1 x IO4 is given in DOE (1994) for a free-fall spill of 
aqueous solutions with a density of approximately 1 g/cm3 for a 3 m fall distance. A bounding 
ARF x RF value of 2 x is given for a free-fall spill of solutions with a density of > 1.2 g/cm3 for 
a 3 m fall distance. This results in combined values of 1 x IO6 and 2 x lo" for the ARF x RF x DR 
x LPF for 1 g/cm3 and > 1.2 g/cm3 liquids, respectively. These values are bounded by the 1 x 1 O 6  
airborne fraction for Payload 2; therefore, the Payload .2 dose consequence results bound those for 
Payload 4. 

4.4.2.5 Dose Due to  P-Particle Emitter Skin Contamination. The dose due to P-particle skin 
contamination is considered in the scenario that 1 % of the package contents are spread over an 
area of 1 m2 around the package, and handling of debris results in contamination of the hands to  
10% of this level. The receptor then ingests all of the contaminatioh from 10 om2 of skin over a 
24-hour period. 

This pathway is normally not considered for onsite workers because they are trained in the 
appropriate response to protect themselves from experiencing unnecessary radiation exposure, 
including preventing skin contamination and ingestion. 

4.4.2.6 Submersion Dose Due to  Gaseous Vapor. The dose due to submersion in a cloud of 
gaseous isotopes that are not taken into the body is considered in the scenario of a rapid release of 
100% of the package contents into a confined structure. These isotopes are the noble gases that 
are not incorporated into the body and whose daughter products are either a stable nuclide or 
another noble gas isotope. In the few cases where this condition is not fulfilled, dosimetric routes 
other than submersion in a radioactive cloud are considered. 

Because of the absence of noble gases, this pathway is not applicable. 

4.4.2.7 Special Considerations. Because of the presence of uranium and TRU, neutrons may be 
produced in the drum via spontaneous fission and (a,n) reactions with light elements. Per Part B, 
Section 5.2.3, the surface dose rate due to neutrons was determined to be 5.23 E-3 mSv/h 
(0.523 mrem/h). Neglecting attenuation from the drum surface to 3 m, the corresponding dose 
over 15 minutes is 1.31 E-3 mSv (0.131 mrem), which is less than 0.003% of the THI-3 dose limit 
of 5 rem. Therefore, the neutron dose is insignificant relative to the gamma dose rate and is not 
explicitly calculated in this evaluation. 
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4.6 APPENDIX: DOSE CONSEQUENCE INPUT FILES 

4.6.1 ISO-PC Input 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DWNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT (102)=1.00E+00 & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m f r o m  bare waste 
&Input Next=l, OPTION=O, ISpec=3, DWNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(103)=1.00E+OO & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 
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0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=l. 0, 
IGeom=7, T (1) =27.7114,1. e3, X=327.7114, Y=4 1.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=PO 
WEIGHT (82)=1.00E+00 & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(472)=1,00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=PO 
WEIGHT(415)=1.00E+OO & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT(IOB)=l. 00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=S3.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=PO 
WEIGHT(377)=1.00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,1. e3, X=327,7114, Yx41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT (376)=1.OOE+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
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&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(336)=1,00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT(335)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT (84)=1.00E+00 & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 ~ 

WEIGHT(398)=1.00E+OO & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT (526)=1.OOE+OO & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPs1=20 
WEIGHT(520)=1.00E+00 & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 rn from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
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IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT (51 9) =l. 00E-100 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,1 .e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l. JBuf=l. NTheta=30. NPsi=20 
WEIGHT(517)=1.0OE+00 & ' 

H 4 0.07 
1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(516)=1.00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=PO 
WEIGHT(515)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,1 .e3, X=327.7114, Y-41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT (504)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=l.O, 
IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT (502)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=JO, NPsi=20 . 
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WEIGHT(497)=1,00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence 
3 m from bare waste 

Analysis 

&Input Next=l, OPTION=O, ISpec=3, DUNITS1, ICONC=O, SFACT=l.O, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(496)=1.00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(495)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
GInput Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=l.O, 
IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT (494)=1.OOE+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(493)=1.00E+OO & 
H . 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel DrumDoSe Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=l . 0, 
IGeomz7, T (1)=27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(492)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=l. 0, 
IGeom=7, T (1)=27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l. JBuf=l. NTheta=30. NPsi=2O 
WEIGHT (491) =l.OOE+OO & 
H 4 0.07 
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1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NThetaz30, NPsi=20 
WEIGHT(490)=1.00E+OO & 
H 4 0.07 

1 c 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1)=27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT(476)=1.00E+OO & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(450)=1.00E+00 & ’ 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next-1, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T (1) =27.7114,1. e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=JO, NPsi=ZO 
WEIGHT (441) =l. 00E+00 & 
H 4 0.07 

1 C 6 0.43 
End. 
&Input Next=6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next=l, OPTION=O, ISpec=3, .DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=2O 
WEIGHT(412)=1.00E+00 & 
H 4 0.07 

1 c  6 0.43 
End. 
&Input Next-6 & 

0 2 Steel Drum Dose Consequence Analysis 
3 m from bare waste 
&Input Next-1, OPTION=O, ISpec=3, DUNIT=l, ICONC=O, SFACT=1.0, 
IGeom=7, T(1)=27.7114,l.e3, X=327.7114, Y=41.6815, SLTH=83.363, 
NShld=l, JBuf=l, NTheta=30, NPsi=20 
WEIGHT(530)=1.00E+OO & 
H 4 0.07 

1 C 6 0.43 

&Input Next=6 & 
End. 
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4.6.2 GENU Input 

. . . . . . . . . . . . . . . . . . . . . . . . .  Program GENII Input File ############ 8 Jul 88 #### 
Title: drum sarp'- option 1 (100 area-onsite-worst case) 

\GENII\drum3.in Created on 01-22-1990 at 07:30 
OPTIONS========================= Default . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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, 

Maximum Individual data set used multiple sites 
Complete Complete 

TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY OPTIONS===== Section 
T Air Transport 1 F Finite plume, external 5 
F Surface Water Transport 2 T Infinite 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  

T Report AEDE Only F Aquatic foods ingestion 7,8 
F Report by radionuclide F Terrestrial foods ingestion 7,9 
F Report by exposure pathway F Animal product ingestion 7 , l O  
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REPORT OPTIONS======================= F Drinking water ingestion 7,8 

4 Inventory input activity units: (1-pci 2-uCi 3-mCi 4-Ci 5-Bq) 
0 Surface soil source units (1- m2 2- m3 3- kg) 

Equilibrium question goes here 

- __--- - - I----Release Terms------!----------Basic Concentrations---------I 
Use whenl transport selected I near-field scenario, optionally I 

Release I Surface Buried I Surface Deep Ground Surface1 
Radio- lAir Water Waste !Air Soil Soil Water Water I 
nuclide I/yr /yr /m3 I/m3 /unit /m3 /L /L I 
________I___-___ -____-_  _ _ - _ _ _ _ I _ _ _ _ _ _ _  __---__ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ___-_-_I  
SI190 1.0 
Y 90 1.0 
C060 1.0 
CS137 1.0 
EU154 1.0 
EU152 1.0 
AM241 1.0 
NB93M 1.0 
CM242 1.0 
U 234 1.0 
U 235 1.0 
U 236 1.0 
NP237 1.0 
PU240 1.0 
PU239 1.0 
PU238 1.0 
PU241 1.0 
PU242 1.0 
CE144 1.0 
ZR93 1.0 
U 238 1.0 
U 233 . 1.0 

___-- -_- [----Derived Concentrations-----I 
Use whenl measured values are known I 

Release ITerres. Animal Drink Aquatic1 
Radio- IPlant Product Water Food I 
nuclide I/kg /kg /L /kg I 

I ____-___I--__-__ _--__-_ __--___ ------- 

__-____-I___-____-______________I_______--------------------------------l 

___-___-I___-___________________________l 

TIME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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1 Intake ends after (yr) 
50 Dose calc. ends after (yr) 
1 Release ends after (yr) 
0 
0 

No. of years of air deposition prior to the intake period 
No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATION DOSE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 Definition option: l-Use population grid in file POP.IN 
0 2-Use total entered on this line 

NEAR-FIELD SCENARIOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Prior to the beginning of the intake period: (yr) 
0 When was the inventory disposed? (Package degradation starts) 

0 Fraction of roots in deep soil 
0 Manual redistribution: deep soil/surface soil dilution factor 

0 When was LOIC? (Biotic transport starts) 
0 Fraction of roots in upper soil (top 15 cm) 

0 Source area for external dose modification factor (m2) 
TRANSPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

====AIR TRANSPORT======r=============================SE~ION I===== 
O-Calculate PM 10 Release type (0-3) 

2-Select MI dist & dir 10 Stack height (m) 
3-Specify MI dist & dir IO Stack flow (m3/sec) 

7.32e-2 Chi/Q or PM value 10 Stack radius (m) 

100. MI distance from release point (m) IO Building x-section (m2) 

1 Option: l-Use chi/Q or PM value IF Stack release (T/F) 

7 MI sector index (l=S) 10 Effluent temp. ( C )  

T Use jf data, (T/F) else chi/Q grid10 Building height (m) 

====SURFACE WATER TRANSPORT==========================SECTION 2=;.=== 
0 Mixing ratio model: O-use value, 1-river, 2-lake 
0 Mixing ratio, dimensionless 
0 Average river flow rate for: MIXFLG=O (m3/s), MIXFLG=1,2 ( m / s ) ,  

Transit time to irrigation withdraw1 location (hr) 
If mixing ratio model > 0: 0 

0 Rate OF effluent discharge to receiving water body (m3/s) 
0 Longshore distance from release point to usage location (m) 
0 Offshore distance to the water intake (m) 

0 Average river width (m), MIXFLG=l only 
0 Depth of effluent discharge point to surface water (m), lake only 

0 Average water depth in surface water body (m) 

0 
0 
0 

T 
T 
0 

EXPOSURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 
0 

0 
1.0 

___ _--= EXTERNAL EXPOSURE=I===============================SECTION 5===== 
Exposure time: I Residential irrigation: 
Plume (hr) I T  Consider: (T/F) 
soil contamination (hr) I 0 Source: l-ground water 
Swimming (hr) I 2-surface water 
Boating (hr) I O  Application rate (in/yr) 
Shoreline activities (hr) I 0 Duration (mo/yr) 

Shoreline type: (1-river, 2-lake, 3-ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hr/person hr) 
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8 7 6 6 . 0  
0 
0 

0 
0 

0 
0 
F 

F 

====INHALATION==================-=======~============SECTION 6===== 
Hours of exposure to contamination per year 
0-No resus- 1-Use Mass Loading 2-Use Anspaugh model 
pension Mass loading factor (g/m3) Top soil available (cm) 

_-__ _-__ INGESTION POPULATION========S=======E========-====SECTION 7===== 
Atmospheric production definition (select option): 
0-Use food-weighted chi/Q, (food-sec/m31, enter value on this line 
1-use population-weighted chi/Q 
2-Use uniform production 
3-Use chi/Q and production grids (PRODUCTION will be overridden) 

Population ingesting aquatic foods, 0 defaults to total (person) 
Population ingesting drinking water, 0 defaults to total (person) 
Consider dose from food exported out of region (default=F) 

Note below: S* or Source: 0-none, 1-ground water, 2-surface water 
3-Derived concentration entered above 

____ ____ AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION E==== 

Salt water? (default is fresh) 

USE T M -  PROD- -CONSUMPTION- I 
? FOOD SIT UCTION HOLDUP RATE I 
T/F TYPE hr ka/vr da ks/vr I DRINKING WATER _ -  _ _  _ _ _  _ _ _ _ _ _  ___-_ _ _ _ _ _ _ _  _ _ _ _ - _  __--- ,_--________-_____________ 
F FISH 0.00 O.OE+OO 0.00 0.0 I 0 Source (see above) 
F MOLLUS 0.00 O.OE+OO 0.00 0.0 I T Treatment? T/F 
F CRUSTA 0.00 O.OE+OO 0.00 0.0 I 0 Holdup/transit(da) 
F PLANTS 0.00 O.OE+OO 0.00 0.0 I 0 Consumption (L/yrl 

F ROOT V 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 
F FRUIT 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 
F GRAIN 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 

..--HUMAN---- TOTAL DRINK -------------STORED FEED-------------- 
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR- 
RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE 

USE 
? FOOD 
T/F TYPE kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/m3 da _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  ---___ ------- _ _ _ _  __-- - ----- _---- __--- -___- 
F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 
F MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 

0.00 0.0 0 0.0 0.00 0.00 0.0 
0.00 0.0 0 0.0 0.00 0.00 0.0 

..--..--..------FRESH FORAGE--------..--- 
BEEF 
MILK 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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@ CHECKLIST FOR CHECKING OF ANALYSIS/CALCULATIONS 

Document Number/Revision: HNF-2209 
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Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of the 
reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysislcalculation and it is complete and accurate to the best of my 
tnowledge. 

EngineerIChecker A. V. Savino Date- 
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5.0 SHIELDING EVALUATION 

5.1 INTRODUCTION 

This shielding evaluation supports the use of steel 208 L (55-gal) drums to ship a variety of 
solid or liquid radioactive materials on the Hanford Site. Solid materials may include absorbed 
organic or inorganic liquids, glass, paper, wood, or metal. Liquid materials may include a number of 
different configurations in volumes up to 40 L, provided the drum has sufficient absorbent material 
for twice the liquid volume. The radioactive constituents may include a wide variety of 
radionuclides, but the contents may be limited by the drum external dose rates. Due to the 
variability of the payload, this shielding evaluation will estimate the maximum quantity of certain 
nuclides that may be transported in a single drum based on a surface dose rate limit of 10 mSv/h 
(1,000 mremlh). 

Because this evaluation will only consider the selected nuclides individually in a single 
configuration and since the payloads will vary significantly during operations, the shipper must 
ensure that the dose rate limits for transportation are met at the time of shipment. Radiation dose 
rate limits are 10 mSv/h (1,000 mrem/h) on the drum surface, 2 mSv/h (200 mrem/h) at the vehicle 
edge, and 0.1 rnSvlh ( IO mremlh) at 2 m (7 ft)  from the edge of the vehicle. There is an additional 
limit of 0.05 mSvlh (5 mremlh) at the driver location provided the driver is a qualified Hanford Site 
radiological worker; otherwise, the limit is 0.02 mSv/h (2 mremlh). The allowable contents will not 
be restricted based on the predicted shielding-based maximum activities. They are provided as 
guidance. 

5.2 DIRECT RADIATION SOURCE SPECIFICATION 

The isotopes selected for evaluation are %o, "Sr, 137Cs, 15'Eu, 154E~,  and 239P~. These 
isotopes, except for 239Pu, were individually evaluated to determine the maximum quantity of 
material that could be evenly distributed in a drum with a surface dose rate of 10 mSv/h 
(1.000 mremlh). Because the amount of fissile material is limited, the neutron dose was evaluated 
for 200 g of 239Pu only. 

5.2.1 Gamma Source 

The ORIGEN-S (Bowman 1997, WMNW 1998b) computer code was used to calculate the 
gamma-ray source for 3.7 x 10'' Bq (1.0 Ci) of the radionuclides '%o, "Sr, 137Cs, 15*Eu, and 154E~. 
The gamma source term for 239Pu was not determined since it is limited to 200 g of total material. 
Table B5-1 lists the ORIGEN-S photon emission rates for each energy group for each nuclide. The 
cases used the photon library for bremsstrahlung in water and the input files for each isotope are 
attached in Part 8, Section 5.8.1. 

5.2.2 Beta Source 

The beta source inside the drum leads to an insignificant dose rate outside the drum 
because of the shielding provided by the drum wall. The bremsstrahlung radiation produced by the 
deceleration of the beta particles in the source is accounted for in the photon emission rates 
calculated using the ORIGEN-S (Bowman 1997, WMNW 1998b) computer code. 
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Table 65-1. Photon Emission Rates (Photonsls) for 
3.7 x 10” Bq (1 Ci) of Selected Radionuclides. 
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5.2.3 Neutron Source 

The total neutron source for 200 g of 239Pu (0.46 TBq [ I  2.4 Cil) from spontaneous fission 
and alpha-n reactions was calculated to be 8.44 x I O 3  neutronds using the ORIGEN-S 
(Bowman 1997, WMNW 1998b) computer code. Note that the neutron source term was 
calculated assuming that the source material was in oxide form. The neutron dose rate was 
estimated using the methods described in Estimation of Neutron Dose Rates from Nuclides Waste 
Packages (Nelson 1996) and was found to be insignificant compared to the gamma dose rate for 
each nuclide evaluated, 5.23 x I O 3  mSv/h (5.23 x I O '  mremlh). However, note that strong 
neutron emitters, for example Cf, or Es could produce very high neutron dose rates. The ORIGEN-S 
input file and neutron source term are attached in Part B, Section 5.8.2.6, and the neutron dose 
rate estimate is shown in Part B, Section 5.8.3. 

5.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS 

The shielding attenuation properties for the bulk materials used in this analysis were 
obtained from the Monte Carlo N-Particle (MCNP) computer code data library (RSICC 1997, 
WMNW 1998a). A description of the configuration and densities of the shielding materials used in 
the calculational models is given in Part B, Section 5.4.3. 

5.4 NORMAL TRANSFER CONDITIONS 

5.4.1 Conditions To Be Evaluated 

Dose rates will be evaluated at the drum surface only (side and top) assuming a uniformly 
distributed payload. Each isotope listed in Part B, Section 5.2, above, will be evaluated individually. 

5.4.2 Acceptance Criteria 

Dose rate limits for normal shipments are 10 mSvlh (1.000 mremlh) on the drum surface. 
Due to  the variability of the payloads and loading configurations, the dose rate limits must be 
checked by the shipper as stated in Part B, Section 5.1, above. 

5.4.3 Shielding Model 

The MCNP computer code (RSICC 1997, WMNW 1998a) was used for the gamma-ray dose 
rate calculations. MCNP is a three-dimensional Monte Carlo computer code and uses Evaluated 
Nuclear Data Files (ENDFIB) for cross sections (BNL 1991). The ENDFB system is maintained by 
the National Nuclear Data Center at Brookhaven National Laboratory under contract from the 
U.S.  Department of Energy. The quality assurance documentation of MCNP for use within WMNW 
is given in WMNW (1998a). Bremsstrahlung photons are accounted for in the dose rate 
calculations. Fluence-to-dose conversion factors were conservatively based on an anterior-to- 
posterior irradiation pattern (ANSVANS 1991) and are listed in Table 85-2. 
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Energy (MeV) 

Table B5-2. Photon Fluence-to-Dose Conversion Factors. 

Flux-to-dose rate 
(mremlh)l(Dhotonlcm2/s) 

Energy (MeV) 
Flux-to-dose rate 

Source: ANSIIANS, 1991, Neufron and Gamma-ray Floence-to-dose Factors, ANSIIANS-6.1 .l-1991, 
American National Standards InstitutelAmerican Nuclear Society, New York, New York. 

The radial and axial shielding parameters used are shown in Table B5-3. The model used is 
a standard UNIAP steel drum with a 90 mil plastic liner. The drum and liner are shown in 
DOE/RL-96-57, Test and Evaluation Document for DOT Specification 7A Type A Packaging. For 
solid materials, the waste matrix was considered to be polyethylene with a density of 0.5 g/cm3 
(compacted trash). 

Table 85-3. Shielding Parameters for the Steel Drum. 
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TBq 

5.4.4 Shielding Results 

Ci 

The MCNP computer code was used to iteratively to determine the amount of each 
radionuclide that may be transported in the drum. The configuration utilized the parameters shown 
in Table B5-3 and assumed the isotope of interest was uniformly distributed in the waste matrix. 
Starting with 3.7 x 10" Bq (1 Ci) of each isotope, the total photon production rate was iterated in 
MCNP until an emission rate was determined that would produce a dose rate on the side surface of 
the drum of 10 mSv/h (1,000 mremlh). As expected, the photon emission rate is directly 
proportional t o  the amount of the radionuclide present, which results in the loading shown in 
Table B5-4. Note that the limit for fissile material in the drum is established at 200 g, and the 239Pu 
entry reflects this limit without any evaluation of the small gamma activity for Pu. The MCNP input 
files for each isotope are shown in Part B, Sections 5.8.2.1. through 5.8.2.5. 

Table B5-4. Gamma-Emitting Radionuclide 
Quantities in a Solid Waste Matrix. 

4.48 E-03 1.21 E-01 

1.71 E+OO 4.61 E+01 

137cs 1.90 E-02 5.13 E-01 

1.02 E-02 2.76 E-01 

5.5 ACCIDENT CONDITIONS 

5.5.1 Conditions To Be Evaluated 

The drum and the payload offer no substantial shielding. Therefore, the dose rate directly 
from the payload alone, assuming a complete release of the payload, will be evaluated for all the 
isotopes considered above. 

5.5.2 Acceptance Criteria 

The external dose rate limit for accident conditions is 10 mSvlh (1,000 mremlh) at 1 m 
(3 ft) from a drum. 

5.5.3 Shielding Model 

The same shielding model used for normal conditions above will be used for accidents 
except that the materials, other than the payload, will be replaced with air. The MCNP input for 
6oCo is attached in part B, Section 5.8.2.6. The inputs for the other radionuclides were derived 
from this by using the photon emission rates shown in Table 85-1 with the allowed source term 
from Table B5-4 for each isotope. 
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5.5.4 Shielding Results 

For the conditions evaluated, the dose rate at 1 m from the unshielded payload is varies 
from a low of 0.63 mSvlh (63 mremlh) for 6oCo to a high of 0.97 mSvlh ( 97 mremlh) for %r. 
This is well below the limit of 10 mSv/h (1.000 mremlh). Note that higher activities may be 
transported based on direct measurement. The shipper is not authorized to use internal shielding 
that could result in an unacceptable accident dose rate. It is assumed any extra internal 
self-shielding would continue to function in an accident due to the nature of the contents. 

5.6 SHIELDING EVALUATION AND CONCLUSIONS 

The radionuclide limits shown in Table 85-4 are based on the amount of material that would 
produce a dose rate on the surface of the drum of approximately 10  mSv/h (1,000 mremlh), except 
for 239Pu, which is limited to no more than 200 g. The accident condition dose rate is met 
assuming a complete release of the payload, a conservative assumption, for all nuclides evaluated. 
The consequences of an accident are discussed in Part B, Section 4.0. Note that the results are 
only valid for the conditions evaluated. Because the material which may be shipped in the drum is 
not limited to the isotopes shown and configuration shown, the shipper must ensure that all 
transportation dose rate limits are met at the time of shipment. 
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5.8.1 ORIGEN-S Input Files 

5.8.1.1 6oCo. 

#ORIGENS 
0$$ All 71 E T 
DECAY CASE 
3$$ 21 1 1 0 A16 4 A33 44 E T 
35$$ 0 T 
56$$ A2 1 A6 1 A10 0 A13 1 A15 3 E 
51** 0 E T 
CO 60 DECAY 
CI 
60** .01 
61** F.OOOO1 
65$$ 
‘GRAM-ATOMS GRAMS CURIES WATTS-ALL WATTS-GAMMA 

32 32 0 0 1  32 32 62 
32 32 0 0 1  32 32 62 
32 32 0 0 1  32 32 62 

81$$ 2 0 24 1 E 
82$$ 2 
83** 2.E+7 1.4E+7 1.2E+l l.E+7 8.E+6 
7.5E+6 l.E+6 6.53+6 6.E+6 5.5E+6 
5.E+6 4.5E+6 4.E+6 3.5E+6 3.E+6 
2.5E+6 2.3499993+6 2.1499993+6 2.E+6 1.199999E+6 
1.6599993+6 1.5699993+6 1.5E+6 1.439999Ec6 1.329999E+6 
1.1999993+6 l.E+6 7.9999993+5 6.9999993+5 5.999999E+5 
5.1199993+5 5.0999993+5 4.4999993+5 3.9999993+5 2.9999993+5 
1.999999E+5 1.4999993+5 9.9999943+4 7.4999943+4 6.9999943+4 
6. E+4 4.5E+4 3.E+4 2.E+4 9.9999963+3 

73$$ 270600 
14** 1.OE00 
15$$ 1 T 
CO 60 DECAY TIMESTEP 1 
56$$ 0 0 A10 1 E T 
56$$ FO T 
END 

5.8.1.2 90Sr190Y. 

#ORIGENS 
0$$ All 11 E T 
DECAY CASE 
3$$ 21 1 1 0 A16 4 A33 44 E T 
35$$ 0 T 
56$$ A2 1 A6 1 A10 0 A13 2 A15 3 E 
57** 0 E T 
SR90 
CI 
60** .01 
61** F.OOOO1 
65$$ 
‘GRAM-ATOMS GRAMS CURIES WATTS-ALL WATTS-GAMMA 
212 
212 

32 32 0 0 1  32 32 62 
81$$ 2 0 24 1 E 
82$$ 2 
83** 2.E+7 1.4E+l 1.2E+7 l.E+7 8. E+6 
1.5E+6 7.E+6 6.5E+6 6.E+6 5.53+6 
5.Et6 4.5E+6 4.E+6 3.5E+6 3.Et6 
2.5E+6 2.3499993+6 2.149999E+6 2.E+6 1.199999E+6 
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1.659999Et6 1.5699993+6 1.5E+6 1.4399993+6 1.3299993+6 
1.1999993+6 l.E+6 7.9999993+5 6.9999993+5 5.9999993+5 
5.1199993+5 5.0999993+5 4.499999Ec5 3.9999993+5 2.9999993+5 
1.999999E+5 1.499999EtS 9.999994Ec4 7.4999943+4 6.9999943+4 
6.E+4 4.5E+4 3. E+4 2.E+4 9.999996Et3 

73$$ 380900 390900 
74** 1.00E00 1.00E00 
75$$ 3 3 T 
SR90 TIMESTEP 1 
56$$ 0 0 A10 1 E T 
56% FO T 
END 

5.8.1.3 '37C~l'37mBa. 

#ORIGENS 
0$$ All 71 E T 
DECAY CASE 
3$$ 21 1 1 0 A16 4 A33 44 E T 
35$$ 0 T 
56$$ A2 1 A6 1 A10 0 A13 2 A15 3 E 
57**  0 E T 
CS137 
CI ._ 
60** .01 
61** FO.OOOO1 
!5$$ 
GRAM-ATOMS GRAMS CURIES WATTS-ALL WATTS-GAMMA 
212 
212 

32 32 0 0 1  32 32 62 
81$$ 2 0 24 1 E 
82$$ 2 
83** 2.E+7 1.4E+7 1.2E+7 1.e+7 8.E+6 
7.5E+6 7.E+6 6.5Et-6 6.E+6 5.5Et6 
5.E+6 4.5E+6 4.E+6 3.5E+6 3. E+6 
2.5E+6 2.3499993+6 2.149999E+6 2.Et6 1.7999993+6 
1.6599993+6 1.569999Et6 1.5E+6 1.439999Ec6 1.3299993+6 
1.1999993+6 l.E+6 7.9999993+5 6.999999E+5 5.999999E+5 
5.1199993+5 5.099999E+5 4.4999993+5 3.9999993+5 2.9999993+5 
1.9999993+5 1.4999993+5 9.999994Et4 7.4999943+4 6.9999943+4 
6.E+4 4.5Et4 3.E+4 2.E+4 9.9999963+3 
13$$ 551370 561371 
74** 1.0 0.946 
75S$ 3 3 T 
CS137 TIMESTEP 1 
56$$ 0 0 A10 1 E T 
56$$ FO T 
END 

5.8.1.4 '52Eu. 

#ORIGENS 
0$$ All 71 E T 
DECAY CASE 
3$$ 21 1 1 0 A16 4 A33 44 E T 
35$$ 0 T 
56$$ A2 1 A6 1 A10 0 A13 1 A15 3 E 
51** 0 E T 
EU152 
CI 
60** .01 
61** FO. 00001 
65$$ 
'GRAM-ATOMS GRAMS CURIES WATTS-ALL WATTS-GAMMA 
212 
212 
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32 32 0 0 1  32 32 62 
81$$ 2 0 24 1 E 
82$$ 2 
83** 2.E+7 1.4E+7 1.2E+7 l.E+7 8.E+6 
7.5E+6 7.E+6 6.53+6 6.E+6 5.5E+6 
5.E+6 4.5E+6 4.E+6 3.5E+6 3.E+6 
2.5E+6 2.3499993+6 2.1499993+6 2.E+6 1.799999E+6 
1.6599993+6 1.5699993+6 1.5Ef6 1.439999E+6 1.3299993+6 
1.1999993+6 l.E+6 7.9999993+5 6.9999993+5 5.9999993+5 
5.119999E+5 5.099999E+5 4.499999E+5 3.9999993+5 2.9999993+5 
1.9999993+5 1.4999993+5 9.9999943+4 7.4999943+4 6.9999943+4 
6.E+4 4.5E+4 3.E+4 2.E+4 9.9999963+3 
73$$ 631520 
74** 1.00E00 
75$$ 3 T 
EU152 TIMESTEP 1 
56$$ 0 0 A10 1 E T 
56$$ FO T 
END 

5.8.1.5 laEu. 

#ORIGENS 
0$$ All 71 E T 
DECAY CASE 
3$$ 21 1 1 0 A16 4 A33 44 E T 
35$$ 0 T 
56$$ A2 1 A6 1 A10 0 A13 1 A15 3 E 
57** 0 E T 
EU154 
CI 
60** .01 
61** FO.OOOO1 
65$$ 
‘GRAM-ATOMS GRAMS CURIES WATTS-ALL WATTS-GAMMA 
212 
212 

32 32 0 0 1  32 32 62 
81$$ 2 0 24 1 E 
82$$ 2 
83** 2.E+7 1.4E+7 1.2E+7 l.E+7 8.E+6 
7.5E+6 7.E+6 6.53+6 6.E+6 5.53+6 
5.E+6 4.5E+6 4.E+6 3.5Ef6 3.E+6 
2.5E+6 2.3499993+6 2.1499993+6 2.E+6 1.7999993+6 
1.6599993+6 1.5699993+6 1.5E+6 1.439999Ec6 1.329999E+6 
1.1999993+6 l.E+6 7.9999993+5 6.9999993+5 5.9999991+5 
5.119999E+5 5.0999993+5 4.4999993+5 3.9999993+5 2.9999993+5 
1.9999993+5 1.4999993+5 9.999994Ec4 7.4999943+4 6.9999943+4 
6.E+4 4.5E+4 3.E+4 2.E+4 9.9999963+3 
73$$ 631540 
74** 1.00E00 
75$$ 3 T 
EU154 TIMESTEP 1 
56$$ 0 0 A10 1 E T 
56$$ FO T 
END 

5.8.1.6 200 g of 239Pu (Neutron Production Rate). 

#ORIGENS 
0$$ All 71 E T 
DECAY CASE 
3$$ 21 1 1 238 A16 4 A33 44 E T 
35$$ 0 T 
56$$ A2 2 A6 1 A10 0 A13 1 A14 5 A15 3 E 
57** 0 E T 
PU239 
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8.5E+4 
5.2E+4 
1.7EC4 
3.93+3. 
2.2E+3 
9.5E+2 
2.853+2 
1.86E+2 
l.E+2 
7.2E+1 
5.339999E+l 
4.7E+1 
3.9599993+1 

CI 
60** .3 1 
61** FO.OOOO1 
65$$ 
'GRAM-ATOMS G-S CURIES WATTS-ALL WATTS-GAMMA 
212 

212 
32 32 0 0 1  32 32 

81$$ 2 0 2 6  1 E 
82$$ 0 2 
83** 2.E+7 1.4E+7 1.2E+7 1. E+7 
7.5E+6 
5.E+6 
2.5E+6 
1.6599993+6 
1.1999993+6 
5.1199993+5 
1.9999993+5 
6.E+4 

1.284E+7 l.E+7 
4.3043+6 3.E+6 

84** 2.E+7 

1.4E+6 
1.1E+6 
8.611E+5 
6. E+5 
4.4E+5 
2.E+5 
8.2E+4 

3.4599993+1 
3. E+1 
2.E+1 
1.51E+1 
1.15E+1 
7.E+O 
5.4E+O 
3.5E+0 
2.87E+O 
2.379999EcO 
1.94E+O 
1.5E+O 
1.25E+O 
1.1399993+0 
1.0899993+0 
1.04E+O 
9.753-1 
8.E-1 
6.E-1 
3.753-1 
2.5E-1 
1.25E-1 
6.E-2 
9.999998E-3 
2.5E-3 
7.4999993-4 
73$$ 942390 

1.223+2 
9.E+1 
6.75E+1 

1.5699993+6 1.5E+6 1.4399993+6 
l.E+6 7.9999993+5 6.9999993+5 
5.0999993+5 4.499999E+5 3.9999993+5 
1.499999Ec5 9.999994E+4 7.4999943+4 
4.5E+4 3. E+4 2.E+4 

1.7332993+7 1.5683Ef7 1.455Ei 
8.18733+6 
2.479E+6 
1.356E+6 
1.01E+6 
8.2E+5 
5.733+5 
4.2E+5 
1.5E+5 
7.5Et.4 
4.5E+4 
9.5E+3 
3.E+3 
1.553+3 
6.73+2 
2.1E+2 
1.19E+2 
8.2E+1 8.E+1 
6.5E+1 6.1E+1 
5.0599993+1 4.92E+I 
4.4E+1 
3.8E+1 
3.325E+1 
2.5E+1 
1.85E+1 
1.375E+1 
9.0999993+0 
6.5E+0 
4.75E+O 
3.0499993+0 
2.6699993+0 
2.2099993+0 
1.77E+O 

2.75E+l 
1.9E+1 
1.44E+1 
1. E+l 
6.753+0 
5. E+O 
3.15E+O 
2.77Ef0 
2.2999993+0 
1.86E+O 
1.45E+O 1.4E+O 

5.E-1 

4.2399993+1 
3.7E+1 
3.1753+1 
2.25E+l 
1.7E+1 
1.29E+1 
8.0999993+0 
6.25E+O 
4.E+O 
3.E+O 
2.57E+O 
2.12E+0 
1.6799993+0 
1.3499993+0 

1.2249993+0 1.2E+O 1.1749993+0 
1.1299993+0 1.12E+O l.llE+O 
1.08E+O 1.07E+O 1.059999E+O 
1.03E+O 1.02E+O 1.0099993+0 
9.5E-1 9.253-1 9.E-1 
7.5E-1 7.E-1 6.5E-1 
5 5E-1 

-~ 

4.5E-1 - 
3.5E-1 3.253-1 3.E-1 
2.253-1 2.E-1 1.75E-1 
9.9999963-2 8.9999973-2 7.9999983-2 . .... ~ 

5.E-2 4.E-2 3.E-2 
7.4999973-3 4.9999993-3 3.9999973-3 
2.E-3 1.5E-3 1.2E-3 
4.9999983-4 9.9999993-5 l.E-5 

62 

8. E+6 
5.5E+6 
3.E+6 
1.7999993+6 
1.3299993+6 
5.9999993+5 
2.9999993+5 
6.9999943+4 
9.9999963+3 

-7 1.3843+7 
4.8E+6 
1.85E+6 
1.253+6 
9.E+5 
6.79E+5 
4.9952E+5 
3.3E+5 
l.E+5 
6. E+4 
2.5E+4 
6. E+3 
2.29E+3 
1.15E+3 
3.05E+2 
1.925E+2 
1.08E+2 
7.6E+l 
5.9E+1 
4.8299993+1 
4.1E+1 
3.55E+1 
3.125E+1 
2.1E+1 
1.6E+l 
1.19E+l 
7.15E+O 
6. E+O 
3.73E+O 
2.9699993+0 
2.469999EcO 
2.E+O 
1.5899993+0 
1.2999993+0 
1.15E+O 
l.O99999E+O 
1.049999E+O 
l.E+O 
8.5E-1 
6.253-1 
4.E-1 
2.75E-1 
1.5E-1 
6.9999993-2 
2.533-2 
3.E-3 
9.999999E-4 
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74** 12.4 
75$$ 2 T 
PW239 TIMESTEP 2 
56$$ 0 0 A10 2 E T 
56$$ FO T 
END 

5.8.2 MCNP Input Files 

5.8.2.1 6oCo. 

Determine Amount of Co 60 to Produce Dose on a Drum surface of 1,000 mrem/h 
C 
C 
C 
C 
1 
2 
3 
4 
5 
6 
I 

C 
C 
C 
1 
4 
7 
9 
12 
C 
C 
C 
2 
3 
5 
6 
8 
10 
11 
13 
14 
15 

First define the source cells 
mat# mat den surfaces 

1 -0.5 -1 2 -3 $ 
2 -0.9 -4 5 -6 #1 $ 
1 -0.00129 -7 5 -8 #1 #2 $ 

-7.86--9 10 -11 #1 #2  #3 $ 
3 -0,00129 9 -12 13 -14 #1 #2  #3 #4 
5 -0,00129 -15 #1 #2 #3 #4 #5 $ 
0 15 $ 

source 
liner 
air 
drum 
$ Cell detector 
air around drum 
void - outside universe 

Radial surfaces 

cz 27.7114 $ source 
cz 27.9400 $ liner 
cz 28.2575 $ air gap . 
cz 28.4099 $ drum 
cz 30.4099 $ cell detector boundary 

Axial surfaces 

pz 0.381 $ Bottom of source 
pz 83.744 $ Top of source 
pz 0.152 $ Bottom of liner, bottom of air cylinder 
pz 83.973 $ Top of liner 
pz 84.608 $ Top of air gap 
pz 0.0 $ Bottom of drum 
pz 84.76 $ Top of drum 
pz 41.38 $ Bottom of cell detector 
pz 43.38 $ Top of cell detector 
s z  42.38 200 $ air 

mode p $photon 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C SOURCE 

sdef cel=l wgt= 9.2853+09 erg=dl pos= 0 0 0 

scl Source distribution from ORIGENS 
# si1 spl sbl 

1.50E-02 5.923+07 1.0 
2.50E-02 2.54E+07 1.0 
3.753-02 1.743+07 1.0 
5.253-02 1.08E+07 1.0 
6.503-02 4.453+06 1.0 
7.253-02 1.77E+06 1.0 
8.753-02 5.40E+06 1.0 
1.25E-01 3.433+06 1.0 
1.75E-01 8.843+05 1.0 
2.50E-01 2.263+05 1.0 
3.50E-01 2.83E+06 1.0 

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

rad = d2 ext= d3 axs= 0 0 1 

1 d d  
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4.25E-01 1.09E+04 1.0 
4.80E-01 1.02E+04 1.0 
5.563-01 4.183+03 1.0 
6.50E-01 6.00E+03 1.0 
7.50E-01 3 .,4 9E+03 1.0 
9.00E-01 2.583+06 1.0 
l.lOE+OO 3.943+10 1.0 
1.27E+00 1.95E+10 1.0 
1.39E-i.00 1.78E+10 1.0 
1.47E+00 2.943-02 1.0 
1.54E+00 2.823-02 1.0 
2.25E+00 3.90E+05 1.0 
2.433+00 6.88Ec02 1.0 
2.753+00 6.063+02 1.0 

c Total from ORIGENS for 1 Ci = 7.683+10, 0.121 Ci= 9.285E+09 photons/s 
sc2 Source radius 
si2 0 27.7114 
sc3 Source length 
si3 0.381 83.744 
C 
c ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**2/s) 
C 
de0 loa .01 .015 .02 .03 .04 .05 

.06 .08 .10 .15 .20 .30 

.40 .50 .60 .80 1.0 1.5 
2.0 3.0 4.0 5.0 6.0 8.0 
10. 12. 

dfO log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4 
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4 
7.416e-4 9.144e-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3 
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3 
8.892e-3 1.040e-2 

C 
c Material Definitions 
C 
ml 1000.01p -0.07 $ plastic - hydrogen 
m2 1000.01p -0.14 $ plastic - hydrogen 
m3 7000.01p -0.765 $ air - Nitrogen 

m4 26000.01p -0.6797 $ SS 304 

6000.01p -0.43 $ plastic - carbon 
6000.01p -0.86 $ plastic - carbon 

8000.01p -0.235 $ air - Oxygen 
24000.01p -0.200 
28000.01p -0.100 
25000.01~ - 0 . 0 2 0  
6000.01~ -0.0003 

8000.01p -0.235 $ air - Oxygen 
m5 7000.01p -0.765 $ air - Nitrogen 
C 
print 
phys:p j 0 0 $ Brems on & Coherent Scattering On 
fc4 cell detector on surface 
f4:D 5 
fc5- point detector on surface 
f5:p 29.4099 0 42.38 0 
imp:p 

c Cell Importances 
C 

C 
c Cell 1 2 3 4 5 6 7  

1 1 1 1 1 1 0  
nps 400000 $history 

5.8.2.2 90Sr190Y. 

Determine Amount of Sr 9O/Y 90 to Produce Dose on a Drum surface of 1,000 mrem/h 
C 
c First define the source cells 
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C 
C 
1 
2 
3 
4 
5 
6 
7 

C 
C 
C 
1 
4 
7 
9 
12 
C 
C 
C 
2 
3 
5 
6 
8 
10 
11 
13 
14 
15 

mat# mat den surfaces 

1 -0.5 -1 2 -3 $ source 
2 -0.9 - 4  5 -6 #1 $ liner 
3 -0.00129 -7 5 -8 #1 #2 $ air 
4 -7.86 -9 10 -11 #1 #2 #3 $ drum 
3 -0.00129 9 -12 13 -14 #1 #2  #3 #4 $ Cell detector 
5 -0,00129 -15 #1 #2 # 3  #4 #5 $ air around drum 
0 15 $ void - outside universe 

Radial surfaces 

cz 27.7114 $ source 
cz 27.9400 $ liner 
cz 28.2575 $ air gap 
cz 28..4099 $ drum 
cz 30.4099 $ cell detector boundary 

Axial surfaces 

0.381 $ Bottom of source 
83.744 $ Top of source 
0.152 .$ Bottom of liner, bottom of air cylinder 
83.973 $ Top of liner 
84.608 $ Top of air gap 
0.0 $ Bottom Of drum 
84.76 $ Top Of drum 
41.38 $ Bottom of cell detector 
43.38 $ Top of cell detector 
42.38 200 $ air 

mode p $photon 

C SOURCE 

sdef cel=l wgt= 1.457e+11 erg=dl pos=O 0 42.38 $ 
scl Source distribution from ORIGENS 
# si1 spl sbl 

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

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

1 d d  
1.50E-02 9.03E+08 1.0 
2.503-02 4.483+08 1.0 
3.753-02 3.573+08 1.0 
5.253-02 2.703+08 1.0 
6.50E-02 1.29Et08 1.0 
7.25E-02 5.563+07 1.0 
8.753-02 2.23E+08 1.0 
1.25E-01 2.32E+08 1.0 
1.75E-01 1.63E+08 1.0 
2.50E-01 1.31E+08 1.0 
3.50E-01 l.OlE+OB 1.0 
4.253-01 3.133+07 1.0 
4.80E-01 3.13E+07 1.0 
5.563-01 1.423+07' 1.0 
6.50E-01 2.153+07 1.0 
7.50E-01 1.453+07 1.0 
9.00E-01 1.67E+07 1.0 
l.lOE+OO 8.183+06 1.0 
1.27E+00 3.33E+06 1.0 
1.39E+00 1.333+06 1.0 
1.47E+00 4.43Et05 1.0 
1.54E+00 4.24E+05 1.0 
1.62E+00 5.463+05 1.0 
1.73EcOO 4,21E+05 1.0 
1.90E+00 2.27E+05 1.0 
2.08E+00 4.49E+04 1.0 
2.43E+OO 2.713+02 1.0 

c Total from ORIGENS for 1 Ci = 3.16Et09, 46.12 Ci- 1.457e+11 
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C 
C 
C 
de0 

df 0 

C 
C 
C 
ml 

m2 

m3 

m4 

m5 

C 

ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**2/~~ 

log .01 .015 .02 .03 .04 .05 
.06 .08 .10 .15 .20 .30 
.40 .50 .60 .80 1.0 1.5 
2.0 3.0 4.0 5.0 6.0 8.0 
10. 12. 

log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4 
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4 
7.416e-4 9.144e-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3 
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3 
8.892e-3 1.040e-2 

Material Definitions 

1000.01p -0.07 
6000.01p -0.43 $ plastic - carbon 
1000.01p -0.14 
6000.01p -0.86 $ plastic - carbon 
7000.01p -0.765 
8000.01p -0.235 
26000.01p -0,6797 $ SS 304 
24000.01p -0.200 
28000.01p -0.100 
25000.01p -0.020 
6000.01p -0.0003 
7000.01p -0.765 
8000.01p -0.235 $ air - Oxygen 

$ plastic - hydrogen 
$ plastic - hydrogen 
$ air - Nitrogen 
$ air - Oxygen 

$ air - Nitrogen 

print 
phys:p j 0 0 $ Brems on & Coherent Scattering On 
fc4 cell detector on surface 
f4:p 5 
fc5 point detector on surface 
f5:p 29.4099 0 42.38 0 
imp:p 
C 
c Cell Importances 
C 
c Cell 1 2 3 4 5 6 7  

1 1 1 1 1 1 0  
nps 200000 $history 

5.8.2.3 r37Cs/’37m6a. 

Determine Amount of Cs137/Ba137m to Surface Dose of 1,000 mrem/h.on Drum 
C 
C 
C 
C 
1 
2 
3 
4 
5 
6 
7 

C 
C 
C 
1 
4 
7 
9 
12 
C 

First define the source cells 
mat# mat den surfaces 

1 -0.5 -1 2 -3  
2 -0.9 -4 5 -6 #1 $ 
3 -0.00129 -7 5 -8 #1 #2 $ 
4 -7.86 -9 10 -11 #1 #2 #3 $ 
3 -0.00129 9 -12 13 -14 #1 #2 #3 #4 
5 -0.00129 -15 #1 #2 #3 #4 #5 $ 
0 15 $ 

Radial surfaces 

cz 27.7114 $ source 
cz 27.9400 $ liner 
cz 28.2575 $ air gap 
cz 28.4099 $ drum 
cz 30.4099 $ cell detector boundary 

source 
liner 
air 
drum 
$ Cell detector 
air around drum 
void - outside universe 
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c Axial surfaces 

2 PZ 
3 PZ 
5 PZ 
6 PZ 
8 PZ 
10 pz 
11 pz 
13 pz 
14 pz 
15 s z  

0.381 $ Bottom of source 
83.744 $ Top of source 
0.152 $ Bottom of liner, bottom of air cylinder 
83.973 $ Top of liner 
84.608 $ Top of air gap 
0.0 $ Bottom of drum 
84.16 $ Top of drum 
41.38 $ Bottom of cell detector 
43.38 $ Top of cell detector 
42.38 200 $ air 

mode p $photon 

C SOURCE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

sdef cel=l wgt= 1.773+10 erg=dl pos= 0 0 0 

scl Source distribution from ORIGENS 
# si1 spl sbl 

1.50E-02 1.18Ec08 1.0 
2.503-02 5.443+07 1.0 
3.753-02 2.313+09 1.0 
5.253-02 2.76E+07 1.0 
6.503-02 1.233+07 1.0 
7.253-02 5.11E+06 1.0 
8.753-02 1.81Et07 1.0 
1.25E-01 1.533+07 1.0 
1.75E-01 7.463+06 1.0 
2.503-01 4.223+06 1.0 
3.503-01 1.643tO6 1.0 
4.253-01 2.863+05 1.0 
4.80E-01 2.25Et05 1.0 
5.563-01 7.913+04 1.0 
6.50E-01 3.20E+10 1.0 
7.50E-01 4.58Ec04 1.0 
9.00E-01 2.35E+04 1.0 

rad = d2 ext= d3 axs= 0 0 1 

1 d d  

l.lOE+OO 1.443+03 1.0 
1.273+00 8.883-02 1.0 

c Total from ORIGENS for 1 Ci = 3.453+10, 0.513 Ci= 1.77E+10 photons/s 
sc2 Source radius 
si2 0 27.7114 
sc3 Source length 
si3 0.381 83.744 
C 
c ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**2/~~ 
C 
de0 log .01 ,015 .02 .03 .04 .05 

.06 .08 .10 .15 .20 .30 

.40 .50 .60 .80 1.0 1.5 
2.0 3.0 4.0 5.0 6.0 8.0 
10. 12. 

dfO log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4 
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4 
7.416e-4 9.144e-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3 
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3 
8.892e-3 1.040e-2 

C 
c Material Definitions 
c 
ml 1000.01p -0.07 $ plastic - hydrogen 

m2 1000.01p -0.14 $ plastic - hydrogen 
m3 7000.01p -0.765 $ air - Nitrogen 

6000.01p -0.43 

6000.01p -0.86 

8000.01p -0.235 

$ plastic - carbon 
$ plastic - carbon 

$ air - Oxygen 
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$ SS 304 m4 26000.01p -0,6797 
24000.01~ -0.200 
28000.01p -0.100 
25000.01p -0.020 
6000.01~ -0.0003 

8000.01p -0.235 
m5 7000.01p -0.765 $ air - Nitrogen 

C 
$ air - Oxygen 

print 
phys:p j 0 0 
fc4 cell detector on surface 
f4:p 5 
fc5 point detector on surface 
f5:p 29.4099 0 42.38 0 
imp:p 
C 
c Cell Importances 

$ Brems on & Coherent Scattering On 

c 
c Cell 1 2 3 4 5 6 7  

1 1 1 1 1 1 0  
nps 600000 $history 

5.8.2.4 ' 5 2 E ~ .  

Determine Amount of Eu 152 to Produce Dose on a Drum surface of 1,000 mrem/h 
C 
C 
C 
C 
1 
2 
3 
4 
5 
6 
7 

C 
C 
C 
1 
4 
7 
9 
12 
C 
C 
C 
2 
3 
5 
6 
8 
10 
11 
13 
14 
15 

First define the source cells 
mat# mat den surfaces 

1 -0.5 -1 2 -3 $ source 
2 -0.9 -4 5 -6 #1 $ liner 
3 -0.00129 -7 5 -8 #1 #2  $ air 
4 -7.86 -9 10 -11 #1 #2 #3 $ drum 
3 -0,00129 9 -12 13 -14 #1 #2 #3 #4 $ Cell detector 
5 -0,00129 -15 #1 #2 #3 #4 #5 $ air around drum 
0 15 $ void - outside universe 

Radial surfaces 

cz 27.7114 $ 
cz 27.9400 $ 
cz 28.2575 $ 
cz 28.4099 $ 
cz 30.4099 $ 

Axial surfaces 

pz 0.381 $ 
pz 83.744 $ 
pz 0.152 $ 
DZ 83.973 $ 
pz 84.608 $ 

PZ 84.76 $ 
pz 0.0 $ 

pz  41.38 $ 
pz 43.38 $ 
sz 42.38 200 

source 
liner 
air gap 
drum 
cell detector boundary 

Bottom of source 
Top of source 
Bottom of liner, bottom of air cylinder 
Top of liner 
Top of air gap 
Bottom of drum 
Top of drum 
Bottom of cell detector 
Top of cell detector 

$ air 

mode p $photon 

C SOURCE 

sdef cel=l wgt= 2.4183+10 erg=dl pos= 0 0 0 

sc1 Source distribution from ORIGENS 
# si1 spl sbl 

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

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

rad = d2 ext= d3 axs= 0 0 1 

1 d d  
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1.503-02 
2.50E-02 
3.753-02 
5.253-02 
6.503-02 
7.253-02 
8.753-02 
1.25f-01 
1.75E-01 
2.503-01 
3.503-01 
4.253-01 
4.80E-01 
5.113-01 
5.563-01 
6.503-01 
7.50E-01 
9.00E-01 
l.lOE+OO 
1.27E+00 
1.39E+00 
1.47E+00 
1.54E+00 
1.62E+00 
1.733+00 
1.90E+00 
2.253+00 
2.753+00 
3.25Et.00 
3.75E+00 
4.253+00 
4.753+00 
5.253+00 
5.753+00 
6.253+00 
6.75E+00 
7.253+00 
7.753+00 
9.003+00 
1.103+01 

1.773+07 1.0 
8.543+06 1.0 
2.673+10 1.0 
2.413+09 1.0 
2.253t06 1.0 
9.563+05 1.0 
3.673+06 1.0 
1.023+10 1.0 
1.033+07 1.0 
2.993t09 1.0 
1.013+10 1.0 
2.033+09 1.0 
2.423+08 1.0 
2.743+07 1.0 
4.593+08 1.0 
6.503+08 1.0 
5.103+09 1.0 
7.843+09 1.0 
9.413+09 1.0 
1.223+09 1.0 
7.813+09 1.0 
1.793+08 1.0 
9.453+07 1.0 
7.11E+06 1.0 
3.673+06 1.0 
1.883-08 1.0 
8.663-19 1.0 
4.353-19 1.0 
2.183-19 1.0 
1.093-19 1.0 
5.483-20 1.0 
2.753720 1.0 
1.383-20 1.0 
6.923-21 1.0 
3.473-21 1.0 
1.743-21 1.0 
8.733-22 1.0 

sc2 
si2 
sc3 
si3 
C 
C 
C 
de0 

df 0 

C 
C 
C 
ml 

m2 

m3 

rn4 

Source length 
0.381 83.744 

ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**2/~) 

log .01 .015 .02 .03 .04 .05 
.06 .08 .10 .15 .20 .30 
.40 .50 .60 .EO 1.0 1.5 
2.0 3.0 4.0 5.0 6.0 8.0 
10. 12. 

log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4 
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4 
7.416e-4 9.144e-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3 
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3 
8.892e-3 1.040e-2 

Material Definitions 

1000.01p -0.07 
6000.01p -0.43 
1000.01p -0.14 
6000.01p -0.86 
7000.01p -0.765 
8000.01p -0,235 $ air - Oxygen 
26000.01p -0,6797 $ SS 304 

$ plastic - hydrogen 
$ plastic - carbon 
$ plastic - hydrogen 
$ plastic - carbon 
$ air - Nitrogen 
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24000.01~ -0.200 
28000.01p -0.100 
25000.01~ -0.020 
6000.01p -0.0003 

m5 7000.01p -0.765 $ air - Nitrogen 

C 
print 
phys:p j 0 0 
fc4 cell detector on surface 

fc5 point detector on surface 
f5:p 29.4099 0 42.38 0 
imp:p 
C 
c Cell Importances 

c Cell 1 2 3 4 5 6 7  
1 1 1 1 1 1 0  

nps 200000 $history 

5.8.2.5 '54E~. 

Determine Amount of Eu 154 to Produce Dose on a Drum surface of 1,000 mrem/h 

8000.01p -0.235 $ air - Oxygen 

$ Brems on & Coherent Scattering On 

f4:p 5 

C 

C 
C 
C 
C 
1 
2 
3 
4 
5 
6 
7 

C 
C 
C 
1 
4 
7 
9 
12 
C 
C 
C 
2 
3 
5 
6 
8 
10 
11 
13 
14 
15 

First define the source Cells 
mat# mat den surfaces 

1 -0.5 -1 2 -3 $ source 
2 -0.9 -4 5 -6 #1 $ liner 
3 -0.00129 -7 5 -8 #1 # 2  $ air 
4 -7.86 -9 10 -11 #1 #2 #3 $ drum 
3 -0.00129 9 -12 13 -14 #1 #2 #3 #4 $ Cell detector 
5 -0.00129 -15 #1 #2 #3 #4 #5 $ air around drum 
0 15 $ void - outside universe 

Radial surfaces 

cz 27.7114 $ source 
cz 27.9400 $ liner 
cz 28.2575 $ air gap 
cz 28.4099 $ drum 
cz 30.4099 $ cell detector boundary 

Axial surfaces 

0.381 $ Bottom of source 
83.744 $ Top of source 
0.152 $ Bottom of liner, bottom of E 
83.973 $ Top of liner 
84.608 $ Top of air gap 
0.0 $ Bottom of drum 
84.76 $ Top of drum 
41.38 $ Bottom of cell detector 
43.38 $ Top of cell detector 
42.38 200 $ air 

tir cylinder 

mode p $photon 

C SOURCE 
.......................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
sdef cel=l wgt= 1.6833+10 erg=dl pos= 0 0 0 

sc1 Source distribution from ORIGENS 
# si1 spl sbl 

1.50E-02 1.70Ec08 1.0 

rad = d2 ext= d3 axs= 0 0 1 

1 d d  
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sc2 
si2 
sc3 
si3 
C 
C 
C 
de0 

2.50E-02 8.12E+07 1.0 
3.753-02 8.643+09 1.0 
5.253-02 1.823+09 1.0 
6.503-02 2.073+07 1.0 
7.25E-02 8.773+06 1.0 
8.75E-02 3.433+07 1.0 
1.25E-01 1.48E+10 1.0 
1.75E-01 1.18E+08 1.0 
2.50E-01 2.46Et09 1.0 
3.50E-01 1.20Ef08 1.0 
4.25E-01 2.54E+08 1.0 
4.80E-01 1.23Ec08 1.0 
5.11E-01 1.453+07 1.0 
5.563-01 2.38E+09 1.0 
6.50E-01 9.333+08 1.0 
7.50E-01 8.761+09 1.0 
9.00E-01 1.08Ec10 1.0 
l.lOE+OO 4.98E+09 1.0 
1.27E+00 1.35Ec10 1.0 
1.39E+00 2.24E+07 1.0 
1.47E+00 2.47E+O8 1.0 
1,54E+00 2.34E+07 1.0 
1.62E+00 6.11E+08 1.0 
1.73E+00 1.55E+06 1.0 
1.90E+00 5.08E+05 1.0 

c Total from ORIGENS for 1 Ci = 7.10E+10, 0.237 Ci= 1.6833+10 photons/s 
Source radius 
0 27.7114 
Source length 
0.381 83.744 

ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**2/~~ 

df 0 

C 
C 
C 
ml 

m2 

m3 

m4 

m5 

C 

log .01 ,015 .02 .03 .04 .05 
.06 .08 .lo .15 .20 .30 
.40 .50 .60 .80 1.0 1.5 
2.0 3.0 4.0 5.0 6.0 8.0 
10. 12. 

log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4 
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4 
7.416e-4 9.144e-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3 
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3 
8.892e-3 1.040e-2 

Material Definitions 

1000.01p -0.07 
6000.01p -0.43 
1000.01p -0.14 
6000.01p -0.86 
7000.01p -0.765 $ air - Nitrogen 
8000.01p -0.235 $ air - Oxygen 
26000.01p -0.6797 $ SS 304 
24000.01p -0.200 
28000.01~ -0.100 
25000.01~ -0.020 
6000.01~ -0.0003 
7000.01p -0,765 $ air - Nitrogen 
8000.01p -0.235 $ air - Oxygen 

$ plastic - hydrogen 
$ plastic - carbon 
$ plastic - hydrogen 
$ plastic - carbon 

print 
phys:p j 0 0 
fc4 cell detector on surface 
f4:p 5 
fc5 point detector on surface 
f5:p 29.4099 0 42.38 0 
imp:p 

$ Brems on & Coherent Scattering On 

C 
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c Cell Importances 
C 
c Cell 1 2 3 4 5 6 7  

1 1 1 1 1 1 0  
nps 200000 $history 

5.8.2.6 Accident for a 6oCo Payload. 

Determine dose rate from Co 60 under accident conditions. 
C 
C 
C 
C 
C 
1 
2 
3 
4 
5 
6 
7 

C 
C 
C 
1 
4 
7 
9 
12 
C 
C 
C 
2 
3 
5 
6 
8 
10 
11 
13 
14 
15 

First define the source cells. Replace all materials 
with air, except the source. 
mat# mat den surfaces 

1 -0.5 -1 2 -3 $ source 
3 -0.00129 -4 5 -6 #1 $ liner 
3 -0.00129 -7 5 -8 #1 #2 $ air 
3 -0,00129 -9 10 -11 #1 #2 #3 $ drum 
3 -0.00129 9 -12 13 -14 #1 #2 #3 #4 $ Cell detector 
3 -0.00129 -15 #1 #2 #3 #4 # 5  $ air around drum 
0 15 $ void - outside universe 

Radial surfaces 

cz 27.7114 $ source 
cz 27.9400 $ liner 
cz 28.2575 $ air gap 
cz 28.4099 $ drum 
cz 30.4099 $ cell detector boundary 

Axial surfaces 

0.381 $ Bottom of source 
83.744 $ Top of source 
0.152 $ Bottom of liner, bottom of air cylinder 
83.973 $ Top of liner 
84.608 $ Top of air gap 
0.0 $ Bottom of drum 
84.76 $ Top of drum 
41.38 $ Bottom of cell detector 
43.38 $ Top of cell detector 
42.38 200 $ air 

mode p $photon 

C SOURCE 

sdef cel=l wgt= 9.285EiO9 erg= dl pos= 0 0 0 

scl Source distribution from ORIGENS 
# si1 spl sbl 

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

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

rad = d2 ext= d3 axs= 0 0 1 

1 
1.50E-02 
2.50E-02 
3.753-02 
5.253-02 
6.503-02 
7.253-02 
8.753-02 
1.25E-01 
1.75E-01 
2.503-01 
3.50E-01 
4.25E-01 
4.80E-01 
5.56E-01 
6.50E-01 

d d  
5.92Ei07 1.0 
2.54E+07 1.0 
1.743+07 1.0 
1.08E+07 1.0 
4.453+06 1.0 
1.773+06 1.0 
5.401106 1.0 
3.433+06 1.0 
8.84E+05 1.0 
2.263+05 1.0 
2.83E+06 1.0 
1.093+04 1.0 
1.02E+04 1.0 
4.18Et03 1.0 
6.00E+03 1.0 
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7.50E-01 3.49E+03 1.0 
9.003-01 2:58E+06 1.0 
l.lOE+OO 3.943+10 1.0 
1.27E+00 1.95E+10 1.0 
1.39E+00 1.78E+10 1.0 
1.473+00 2.943-02 1.0 
1.54Et00 2.82E-02 1.0 
2.253+00 3.903+05 1.0 
2.43Ec00 6.883+02 1.0 
2.75E+00 6.063t02 1.0 

c Total from ORIGENS for 1 Ci = 7.683+10, 0.121 Ci= 9.2853+09 photons/s 
sc2 Source radius 
si2 0 27.7114 
sc3 Source length 
si3 0.381 83.744 
C 
c ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**Z/s) 
c 
de0 log .01 ,015 .02 .03 .04 .05 

.06 .08 .10 .15 .20 .30 

.40 .50 .60 .80 1.0 1.5 
2 .0  3.0 4.0 5.0 6.0 8.0 
10. 12. 

dfO log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4 
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4 
7.416e-4 9.144e-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3 
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3 
8.892e-3 1.040e-2 

C 
c Material Definitions 
C 
ml 1000.01p -0.07 $ plastic - hydrogen 
m2 1000.01p -0.14 $ plastic - hydrogen 

m3 7000.01p -0.765 $ air - Nitrogen 
m4 26000.01~ -0.6797 $ SS 304 

6000.01p -0.43 $ plastic - carbon 
6000.01p -0.86 $ plastic - carbon 
8000.01p -0.235 $ air - Oxygen 

print 
phys:p j 0 0 $ Brems on & Coherent Scattering On 
fc4 cell detector on surface 
f4:p 5 
fc5 point detector at 1 m from surface 
f5:p 128.4099 0 42.38 0 
imp:p 

c Cell Importances 
C 

c 
c Cell 1 2 3 4 5 6 7  

1 1 1 1 1 1 0  
nps 200000 $history 

5.8.3 Neutron Dose Rate Calculation 

In the method described in Neutron Dose Rates from Nuclear Waste Packages 
(Nelson 1996), the total neutron source term S(T), which accounts for neutron multiplication, is 
determined by adding the spontaneous fission source term (S(SF)) and the a,n source term (S( a,n) 
and dividing by 1 minus the k,,,. 
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S(SF) and S(a,n) are determined either from Nelson (1996) or ORIGEN. In this case, ORIGEN-S 
(Bowman 1997, WMNW 1998b) was used as shown in Part B, Section 5.8.2, to determine (SF) 
and S(a,n). After S(ST) is determined, it is used to  determine the dose rate in the equation; 

where r is the distance from the source and D(r) is the dose in mremlh as a function of r. 

Since the neutron source for 239Pu dominates the neutron source for fissile materials, as 
shown in Part 8, Section 5.8.1.6, only 239Pu (0.46 TBq 11 2.4 Cil) is used for the neutron dose 
estimate. Using S(SF) and S(a,n) from ORIGEN and conservatively assuming a kelf of 0.8, S(ST) is 
determined to be, 

Assuming r to be 28.41 cm (1 1.2 in) (the distance from the center of the drum to the surface as 
measured radially), the total neutron dose rate is estimated to be, 
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Computer codes and data files documented. 
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Sources of nonstandard formulaldata are referenced and the correctness of the 
reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of results. 
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Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysislcalculation and it is complete and accurate to the best of my 
mowledge. 

EngineerlChecker A. V. Savino w Date- 
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6.0 CRITICALITY EVALUATION 

6.1 INTRODUCTION 

This criticality evaluation supports the shipment of 208 L (55-gal) drums with a variety of 
contents. The drums are transported singly, in large arrays (e.g., 20 drums), or in an N-55 
Overpack. The contents are generally contaminated items that are destined for disposition or 
storage. 

The Payload 1 drum configuration is restricted to fissile-excepted contents and requires no 
further criticality evaluation. Payloads 2, 3, and 4 may contain fissile material in various forms and 
may be transported in large arrays. 

6.1 .I Assumptions 

The following assumptions were used in this evaluation. - The isotope distribution of the fissile material is not defined, so 239Pu shall be 
assumed because it is the most reactive with respect to criticality of the five fissile 
isotopes considered for transportation (233U, ?J, 238Pu, 239Pu, and 24'Pu 
[49 CFR 173.4031). 

6.1.2 Results 

The fissile material or matrix material form is not defined, so it shall be assumed to 
be 239Pu in a homogeneous polyethylene moderator. This is shown to  be the worst 
documented situation as shown in Part E, Section 6.3. 

An array of drums is restricted to rows of four drums, and the credible accident is 
assumed to involve release of material from four drums. 

This criticality evaluation supports the shipment of single 208, L (55-gal) drums on the 
Hanford Site with a maximum of 100 g of fissile material in solid form or liquid form per drum. 
Array shipments are limited to no more than 45 g of fissile material per drum if any single package 
contains fissile material. Shipments of drums in N-55 Overpacks are limited to  200 g of fissile 
material per drum. An array is restricted to a single layer containing rows of four drums with no 
limit on the total number of rows of drums. 

6.2 CRITICALITY SOURCE SPECIFICATION 

The isotopes 233U, 235U, 238Pu, 239Pu, and 2 4 r P ~  (49 CFR 173.403) are the considered fissile 
materials with respect t o  transportation. Since the specific distribution of the fissile isotopes is not 
defined for the drum, the fissile material is assumed to be 239Pu as it has the most significant effect 
on criticality for the conditions evaluated. 

6.3 SUMMARY OF CRITICALITY PROPERTIES OF MATERIALS 

Because no specific matrix material or hydrogen-to-fissile-nuclei (H/X) ratio is defined, the 
configuration is considered to be a sphere or 239Pu in a polyethylene matrix (CH,),. This is 
demonstrated to be the worst configuration for criticality as shown in A Survey of Criticality 
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Parameters for "'Pu in Organic Material (ANS 1977) and Packaging, Storage, and Disposal o f  Solid 
Waste (55-Gallon Drums, Unrestricted H/Pu Only) (Friar 1989). 

The criticality properties of the materials considered, 239Pu in polyethylene, are specified in 
Friar (1989) and ANS (1977). Although Friar (1989) does not include soil as a matrix material, 
200 g of 239Pu is below a minimum critical mass as shown in ANS (1997) and in water as shown in 
Criticality Handbook (Carter 1969). In addition, diatomaceous earth, a somewhat similar 
composition to  soil, is shown to have a negative effect on criticality when mixed with weapons- 
grade Pu as shown in Safety Analysis Report for Packaging (Onsite) Transuranic Performance 
Demonstration Program Sample Packaging (McCoy 1997). Therefore, soil is an acceptable matrix 
material in the drum. 

6.4 NORMAL TRANSFER CONDITIONS 

It is shown in Friar (1989) that an infinite array of drums in the xy plane stacked five high 
will remain subcritical with 200 g of 239Pu in each drum. It is shown in Part B, Section 7.0, that the 
drum contents and array configuration are retained during NTC. Therefore, the 200 g limit would 
apply. 

However, the drum contents are limited by dose consequence requirements and by the 
accident criticality acceptance criteria. In addition, because specific calculations have not been 
performed to  verify the criticality transport index, double contingency must be assumed. Drums 
transported alone would then be required to meet a 100 g limit based on NTC. The drums 
transported in the N-55 Overpack would still be authorized for up to 200 g based on the N-55 
Overpack Certificate of Compliance. 

6.5 ACCIDENT CONDITIONS 

The failure threshold evaluation in Part 6, Section 7.0, combined with the risk evaluation in 
Part B, Section 3.0, show that drums transported in arrays perform well in accidents. The actual 
failure leading to  release of material is shown to be just credible (5 x lo'?. However, only the front 
row of the drum array is found to release material. 

Since the isotopic distribution of the fissile material or the HIX ratio is not defined, the 
worst case is assumed (239Pu in polyethylene). The amount of fissile material in the shipment 
available for release must remain subcritical under the worst conditions. Therefore, the amount of 
fissile material available for release must not exceed 370 g (ANS 1977). 

Again considering double contingency, the amount available for release will be restricted to 
185 g. Since four drums are assumed to fail, drums in an array will be restricted to a maximum of 
45 g of fissile material. 

6.6 CRITICAL BENCHMARK EXPERIMENTS 

The value for kef, was not determined for the payload since the 239Pu is shown to  be below 
the most conservative minimum critical mass. Therefore, no benchmarking is necessary. 
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6.7 CRITICALITY EVALUATION AND CONCLUSIONS 

Based on double-contingency criticality control, the following fissile material limits are 
required: 

For payload 2 or 4 contents, shipped exclusive use as a single drum: 100 g fissile 
material 

For payload 2 or 4 contents, shipped exclusive use in a single horizontal array with 
no more than four drums in a row: 45 g fissile material maximum per drum 

For Payload 3 contents (N-55 Overpack): 200 g fissile material per drum, up to two 
packages on a single conveyance. 

This criticality evaluation establishes that the steel drums meet the requirements for 
criticality safety per HNF-PRO-334, Criticality Safety General Requirements; HNF-PRO-537, 
Criticality Safety Control of Fissionable Material; and HNF-PRO-545. Fissionable Material Packaging 
and TransRortation. 
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7.0 STRUCTURAL EVALUATION 

7.1 INTRODUCTION 

Within the boundaries of the Hanford Site, two types of drums are used. The most 
common are the standard 208 L (55-gal) drum packages, which are used to transport and store 
TRU and non-TRU wastes in both liquid and solid form. Less common are the retrieval drums. 
These drums are retrieved from noncompliant Resource Conservation and Recovery Act of 7976 
(RCRA) storage for characterization, transfer, or other operations. 

Depending on content, the standard 208 L (55-gal) drums meet one of three drum 
specifications and have one-to-four containment barriers. As a function of the contents, the gross 
weight of the drums may reach up to a maximum of 658 kg (1.450 Ib). Also, some of the drums 
are equipped with inner liners and/or filters and vent clips. The objective of this evaluation is t o  
envelope the variations in drum specification, gross weight, and number of containment boundaries 
to  demonstrate the structural integrity of the standard 208 L (55-gal) drum packages under normal 
transfer conditions INTO. This evaluation also provides enveloping impact velocity change and 
dynamic crush failure threshold data of the drums for probabilistic risk assessments of accident 
conditions. 

In the cases of retrieval drums, they are assumed to not meet any of the specification 
requirements for the standard 208 L (55-gal) drum. These drums are assumed to have a wall 
thickness of 0.76 mm (0.030 in.). However, in this case the maximum weight of the drum is 
limited to 181 kg (400 Ib). 

Drums with a high-activity content as specified in Part A of this SARP shall be shipped in 
NuPac Model N-55 Overpack System (NuPac 1987). This system has been demonstrated and 
certified by the U.S. Nuclear Regulatory Commission to provide overpacked drums with fire and 
impact resistance per 10 CFR 71 for payload weights up to 229 kg (550 Ib). Consequently, the 
structural performance of this system is not evaluated in this section. 

7.2 ENVELOPING STRUCTURAL EVALUATION OF PACKAGES 

7.2.1 Structural Design and Features 

The 208 L (55-gal) drum configurations approved for onsite transport are the DOT 
Specification 17C. 17H. and Type A-UNlAP. These drums are metal containers in the shape of a 
right circular cylinder constructed of carbon steel with three swaged or rolled hoops. All three 
drum types are similar in construction and have a usable interior height of 85.1 cm (33.25 in.) and 
an inside diameter of 57.2 cm (22.5 in.). The drums are equipped with removable gasketed heads, 
which are retained during transport by a bolted locking ring. The locking ring is constructed of 
12-gauge carbon steel with drop forged lugs. The ring is locked together by a bolted assembly 

' 

consisting of a %-in.-diameter bolt and hex nut. Typical drum dimensions are shown in Figure 87-1. 
The drums are sealed with an elastomeric gasket that is bonded to the underside of the removable 
head. 

DOT-1 7C drums are constructed entirely of 16-gauge carbon steel. The DOT-I 7H drum 
body and bottom head are constructed of 18-gauge carbon steel. For the DOT-l7H, the removable 
head is constructed of 16-gauge carbon steel. Both drums have the bottom head double seamed to 
the body with a nonhardening seaming compound. The side seams are welded. The top head is 
2.22 cm (7h in.) deep and fully removable with a convex head. The top head fits over a rolled false 
wire at the open end and is secured to the body by the locking ring. 
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Figure 87-1. Typical Drum Dimensions. 

The Type A-UNlA2 drums are similar in construction to the DOT-17C and -17H drums. 
These drum are manufactured to WHC-S-0465, Specification for Drums; UNlA2; Type A, Solid and 
Liquid Material, High Performance Coatings (WHC 1 996a), and WHC-S-0466, Specification for 
Drums; UNlA2; Type A; Solid Material, Painted (WHC 1996b3, which define the DOT-7A, Type A 
performance standards and the UNl  A2 performance standards. Conformance with these 
performance standards is demonstrated by the manufacturer. 

This structural evaluation envelopes the variations among the drums by constituting a 
hypothetical drum using the worst-case characteristics and parameters of each. This worst-case 
drum is assumed to  be constructed of the thinnest and weakest drum materials. The drum is 
assumed to be loaded with the heaviest payload, and only the drum is assumed to provide 
containment of the contents. 

The retrieval drums are assumed to have the same outer dimensions of a standard 208 L 
(55-gal) drum. However, the wall thickness of the lid, bottom, and drum walls are assumed to  be 
onlv 0.76 mm (0.030 in.) thick. 

7.2.2 Mechanical Properties of Materials 

DOT-17C. -17H, and Type A-UNIA2 retrieval drum body, lid, and locking ring can be 
manufactured from various grades of steel. In this evaluation, the drum body, lid, and locking ring 
are assumed to be manufactured to  American Society for Testing and Materials (ASTM) A36 
specifications for carbon steel structural members. This is a relatively common steel with 
mechanical properties that envelope the various steels from which the drum components can be 
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fabricated. The locking ring fastening bolt is assumed to be manufactured to ASTM A307, 
Grade C, specifications for carbon steel bolts. Bolts provided under this specification envelope 
possible fastening bolts supplied with the locking ring. The mechanical properties of both the drum 
components and bolt material are shown in Table 87-1. 

Table B7-1. 208 L (55-gal) Drum Physical Properties. 

NOTE Unless otherwise designated, all values are from ASME (1995a). 
'Values derived from DOD (1994). 
'Values assumed as same for values listed in ASME (1995a) far SA-36. 
ASME, 1995a. Boiierend Pressure Vessel Code, Section 11, Part D, American Society of Mechanical Engineers, 

DDD, 1994, M//itary Handbook--Mefa//ic Materials and Hemenfs for Aerospace Vehicle Strucrores, MIL-HDEK-5G, 

ASME = American Society of Mechanical Engineers. 
ASTM = American Society for Testing and Materials. 

New York, New York. 

U.S. Department of Defense, Washington, D.C. 

The drum gaskets are manufactured from various synthetic elastomeric rubbers. All of 
these synthetic rubbers have an operating range equal to or greater than -40 "C (-40 "F) to 70  "C 
(158 O F )  with a Shore durometer range from 40 to 100. For this evaluation the gasket material is 
assumed to be nitrile or Buna N rubber. This is a common gasketing material, which envelopes the 
material properties of the various rubbers commonly used as drum gaskets. Buna N rubber has an 
operating service temperature range of -54 "C (-65 "FI to 135 "C (275 "F) with a Shore durometer 
range of 20 to 90  (Parker 1991). This rubber has a helium permeability of 19.3 x 10.' cc cmlcm' 
sec. bar at 50  "C (122 "F) (Parker 1991). 

7.2.3 Conditions To Be Evaluated 

7.2.3.1 NTC Performance Test Requirements. 

7.2.3.1 .I General Standards for All Packages. 

The smallest overall package dimension shall not be less than 10.0 cm (4.0 in.). 

The outside of package shall have a tamper-indicating device. 

Each package shall have a positive closure device. 

The package shall be constructed of materials that have no significant chemical 
galvanic or other reactions between the package and components. 
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The package accessible surfaces in still air at 46 "C (1 15 "F) and in the shade shall 
not exceed 85 "C (185 OF). 

Packages that must be vented for safety reasons, such as hydrogen generation, and 
that do not require leak-tight containment of the contents from dose requirements 
may be continuously vented during shipment. The venting must be through 
nationally recognized high-efficiency particulate air filter systems and shall be 
impervious to or protected from migration of liquids. 

7.2.3.1.2 Hot and Cold Conditions. 

Heat. Package and payload performance shall be evaluated for extreme ambient 
temperature of 46 "C (1 15 OF) in still air, with decay heat and solar insolation for a 1 2-hour day 
based on the information in Table B7-2. 

Table 87-2. Solar Heat Loads. 

Form and location of surface Insulation for 12 hours per day 

Each surface 

Cold. Package and payload performance shall be evaluated for extreme ambient 
temperature of -33 "C (-27 "F) in still air and in the shade. 

7.2.3.1.3 Reduced and Increased External Pressure. 

Reduced External Pressure. External pressure shall be 95.21 kPa absolute (1 3.81 psia). 

Increased External Pressure. External pressure shall be 102.38 kPa absolute (1 4.85 psia). 

7.2.3.1.4 Vibration. Package fatigue performance shall be evaluated for vibration normally 
incident to transport using response parameters given in American National Standards Institute 
(ANSI) N14.23, Draft American National Standard Design Basis for Resistance to Shock and 
Vibration of Radioactive Material Packages Greater Than One Ton in Truck Transport (ANSI 1992). 

7.2.3.1.5 Water Spray. Drum performance shall be evaluated for a simulated rainfall of 
1.5 cm (0.6 in.) per hour for at least 1 hour. 

7.2.3.1.6 Free Drop. Drum performance shall be evaluated for a free drop of 1.2 m (4  ft). 
The defined drop surface shall be a concrete slab 20.3 cm (8.0 in.) thick, two-way reinforced with 
number 7 rebar on 30.5 cm (12.0-in.) centers. 

7.2.3.1.7 Compression. Drum performance shall be evaluated for a compression load of 
5 times the weight of the drum applied uniformly on the top and bottom of a drum or 12.75 kPa 
(1.85 psi) applied over the horizontal projected area of the drum. 
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7.2.3.1.8 Penetration. Drum performance shall be evaluated for a vertical steel cylinder 
with a hemispherical end 3.2 cm in diameter and 6 kg of mass, dropping from a height of 1 m onto 
the drum. The cylinder is assumed to strike the drum's exposed surface in the region most 
vulnerable to puncture. The long axis of the cylinder is assumed to be perpendicular to the package 
surface. 

7.2.3.1.9 Lifting and Tiedown. Drum lifting device performance shall be evaluated to  
DOE/RL-92-36, Hanford Site Hoisting and Rigging Manual, requirements. For tiedown attachments 
attached to the drum, performance shall be evaluated either for (1) failure of the attachment before 
damage of the drum or (2) attachment meets the 10, 2, and 5 requirement of 10 CFR 71.45 (b). 

7.2.3.1 . I O  Brittle Fracture. As a minimum, all metallic materials susceptible to brittle 
fracture shall be evaluated per Boiler and Pressure Vessel Code (BPVC), Section VIII, Division 1 
(ASME 1995c), criteria for listed materials for an ambient temperature of -33 "C (-27 "F). For 
unlisted materials, linear elastic fracture mechanics shall be used to determine the minimum nil 
ductility temperature. Plastic and rubber materials shall be evaluated to the manufacturer's 
recommended service limits. 

7.2.4 Acceptance Criteria 

NTC performance acceptance criteria are based on BPVC, Section 111, Subsection NE 
(ASME 1995b). For load evaluations the worst-case temperature, pressure, and drop loads; 
temperature, pressure, and vibration loads; temperature, pressure, and compression loads; 
temperature, pressure, and lifting loads; and temperature, pressure, and tiedown stress intensities 
shall be combined. The combined stress intensities shall be evaluated against the requirements 
defined for Service Level A. The combined stress intensities from temperature, pressure, and drop 
shall be evaluated against the requirements defined for Service Level C. As an alternative the drum 
shall be shown to  retain the contents when subjected to the loads from the above NTC 
performance tests. 

7.2.5 Chemical and Galvanic Reactions 

The standard 208 L (55-gal) drums are either painted on the outside and equipped with an 
inner polyethylene liner or painted on both inside and outside surfaces. This inhibits both chemical 
and galvanic corrosiye reactions of the carbon steel drum material. Consequently, standard 208 L 
(55-gal) drums' corrosive chemical and galvanic reactions will be inhibited during NTC and will not 
affect the structural integrity of the drum. 

In the case of retrieval drums, any prior protective coating is assumed to have worn off, and 
corrosion of the drum walls and lids has occurred. This is accounted for in the structural 
evaluations by assuming the wall thickness of both the drum walls and lids has been thinned to  
0.76 mm (0.030 in.). The estimate is conservatively based on a corrosion rate of roughly 
0.38 mm/yr (1.5 millyr) for 20 years. The structural evaluations from the various NTC loading 
scenarios show that retrieval drums will maintain structural integrity after being subjected to  
corrosive attacks, which reduce the wall and lid thickness. 

7.2.6 Size of Package and Cavity 

As a minimum the exterior and interior dimensions of all the drums conform to  ANSllASC 
MH2-1985, American National Standard for Materials Handling (Containers)--Steel Drums and Pails 
(ANSI 1985). The 208 L (55-gal) drums manufactured to this standard meet the component 
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configuration and material thickness requirements for DOT-I 7C and -1 7H drums. The retrieval 
drums are assumed have a reduced wall and lid thickness of 0.76 mm (0.030 in.). 

7.2.7 Weight and Center of Gravity 

The maximum permissible gross weight of a standard 208 L (55-gal) drum is 658 kg 
(1,450 Ib), and for a retrieval drum the maximum permissible gross weight is 181 kg (400 Ib). In 
both cases, the center of gravity of a fully loaded package is at the geometric center of the drum. 

7.2.8 Tamper-Indicating Feature 

Tamper indication shall be provided by wirellead disc seals fixed to the drum lid or closure 
ring. 

7.2.9 Positive Closure 

All the drums are fitted with bolted locking rings, which prevent inadvertent opening. 

7.2.10 Lifting and Tiedown Devices 

No integral lifting or tiedown devices are provided on the drum. Drums are to be lifted by 
ancillary equipment specifically designed for drum handling and meeting the requirements of 
DOEIRL-92-36. Tiedown devices and methods are described in Part B, Section 10.0, of this 
document. 

7.2.1 1 Brittle Fracture 

Based on the thickness of drum materials, brittle fracture of the material is not an issue. 
This is demonstrated by meeting the material toughness testing requirements specified in BPVC, 
Section 111, Division 3 (ASME 1997). Ferrous materials with a nominal section thickness of less 
than 0.48 cm (3116 in.) and bolts under a nominal diameter of 2.54 cm (1.0 in.) are not required to 
be fracture toughness tested. The maximum material thickness of the drums is 12  gauge, and the 
nominal diameter of the locking ring bolt is 6/8 in., both of which are less than the specified nominal 
thicknesses. 

7.3 NORMAL TRANSFER CONDITIONS 

7.3.1 Structural Model 

7.3.1 .I Computer Program Description. The ABAQUS is a general-purpose finite-element analysis 
program that can be used for elastic, plastic, and other inelastic analysis of structural members. It 
offers a full spectrum of elements from simple elements to continuum elements, more sophisticated 
rocklsoil elements, and hypo- and hyperplastic elements. They can be used in one-, two-, and 
three-dimensional analysis. The ABAQUS provides two subsets of analysis scheme; one is 
ABAQUSIStandard, and the other is ABAQUS/Explicit (HKS 1995). The latter is used in this impact 
evaluation. 
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The ABAQUS' explicit dynamic finite-element program, ABAQUSIExplicit, is fully vectorized 
for use on high-end computers. In order to achieve faster computations, some limitations of 
intrinsic element characteristics have been incorporated, such as a smaller subset of elements 
(compared to  ABAQUSIStandard) to be allowed in ABAQUSlExplicit (HKS 1995) and the use of 
diagonal mass matrix. 

An important feature of ABAQUSlExplicit (HKS 1995) is its ability in solving a contact 
problem as in simulation of cask impacts. The contact surface definition and the contact pair of 
surfaces are easy to use and effectively simulate impacts when defined properly. 

7.3.1.2 Description of Model. Taking advantage of model symmetry, a half-section (1 80") model 
is developed for this analysis. The drum assembly with its payload remains in its upright position, 
but the concrete/soil target is rotated and positioned for various impact orientations. 

The model uses ABAQUS three-dimensional shell element S4R for the drum body, drum lid, 
closing ring, and payload and ABAQUS three-dimensional tension truss T3D2 for the closing ring 
bolt. The concrete and soil are modeled with ABAQUS eight-node solid element C3D8R. The size 
of the concrete pad is 3.1 m (10.0 ft) square by 20.32 cm (8.0 in.) thick (modeled half section). 
The rebar steel is smeared into the concrete layers with ABAQUS *REBAR command. The size of 
the soil model is the same as the concrete, but with 127 cm (50.0-in.) thickness. The model is 
shown in Figure B7-2 for the general view of the bottom-end impact. The element maps of drum 
bottom plate, wall, and lid are shown in Figures B7-3 through B7-5. The closing ring is shown in 
Figures B7-6 and B7-7, which show the details around the closing ring. The bolt is shown in 
Figure 87-8. The payload is shown in Figure 87-9. 

Figure 87-2. General View of Finite Element Model for Impact Analysis. 
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Figure B7-3. Element Map of Drum Bottom Plate. 
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Figure B7-4. Element Map of Drum Wall. 
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Figure 87-5. Element Map of Drum Lid. 
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Figure B7-6. Element Map of Closing Ring. 
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Figure 67-8. Element Map of Closing Ring Bolt. 

Figure B7-9. General View of Payload. 
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7.3.1.3 Material Model. 

7.3.1.3.1 55-Gal Drum Assembly. The drum assembly consists of a drum body, a lid, a 
closing ring, and a 6h-in.-diameter bolt and nut combination. The drum is manufactured from 
carbon steel, and in this analysis the structural steel is assumed as ASTM A36 for the drum body, 
lid, and closing ring. The bolt and nut material is assumed to be manufactured from steel 
equivalent to A36 steel, ASTM A307, Grade C. The mechanical properties of these steels are as 
follows: the modulus of elasticity is 2 x IO5 MPa (29 x I O 6  psi); the Poisson's ratio is 0.3; the yield 
strength is 248 MPa (36,000 psi); the ultimate tensile strength is 414 MPa (60,000 psi); and the 
minimum elongation is 0.23. Density of the steel is 8 g/cm3 (0.29 Ib/in3). The material rupture 
toughness with a 0.9 reduction factor is established as 6,853 N*m/m3 (9,940 in-lbf/in3). 

The steel is assumed to gradually soften after reaching its maximum strength. Failure of 
the material follows ABAQUS *FAILURE description. The material starts to fail at 25% strain and 
to rupture at 30% strain, which considers a 30% increase due to dynamic loading. 

The plasticity portion of the stress-strain curve is shown in Table 87-3. 

Plastic strain 
0 

0.23 

0.24 

0.25 

0.26 

0.27 

7.3.1.3.2 Payload. The payload is used to increase the drum package total weight t o  
658 kg (1,450 Ib). A shell with the same thickness as the drum is used to model the payload. The 
payload is assumed to be the same material as the drum, but its density is adjusted. The payload is 
assumed to be elastic throughout the analysis run. 

7.3.1.3.3 Reinforced Concrete. The reinforced concrete is assumed to have a compressive 
strength of 27.6 MPa (4,000 psi) and is 20.3 cm (8.0 in.) thick with No. 7 reinforcing steels in two 
orthogonal directions. The steel bars are embedded 5.1 cm (2.0 in.) below the surface on both 
faces. The spacing between steel bars is 30.5 cm (12.0 in.) center to center. 

The modulus of elasticity of concrete is assumed as 24.8 MPa (3.6 x IO6' psi with a 
Poisson's ratio of 0.15. The concrete density is assumed as 2.08 g/cm3 (130 Ib/in3). The ABAQUS 
Drucker-Prager model used to simulate the concrete yield surface and the plasticity is defined as 
follows. 

'DRUCKER PRAGER 
35.1,1.0,35.1 
(DRUCKER PRAGER HARDENING 
2250.,0.0 
3900.,0.0013 
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~ 

Stress (Ibf/in*) 
71170 

71 626 

831 30 

96460 

104728 

109080 

3000.,0.0024 
2400.,0.0034 
1790.,0.0044 
1 1  80.,0.0054 
800.,0.006 
100.,0.0061 

Plastic strain 
0 

0.004985 

0.01 7098 

0.036202 

0.0551 13 

0.073795 

The rebar steel material properties are as follows: the modulus of elasticity is 2 x ?05 MPa 
(29.5 x IO6 psi), and the Poisson's ratio is 0.3. The rebar steel density is assumed as 7.85 g/cm3 
(490 lb/ft3). The plasticity portion of the stress-strain relationship is shown in Table 87-4. 

Table 87-4. Rebar Steel Plastic 
Stress and Strain. 

7.3.1.3.4 Soil. The soil is assumed to  have a modulus of elasticity of 39.3 MPa 
(5,700 psi) and a Poisson's ratio of 0.35. The soil density is assumed to be 1.76 MPa (1 10  Ib/in3). 
The ABAQUS Drucker-Prager model used to simulate the soil yield surface and plasticity is as 
follows. 

*DRUCKER PRAGER 
35.2,0.82,35.2 
*DRUCKER PRAGER HARDENING 
2.0.0.0 
6.54.0.0055 
8.64.0.01 56 
9.96.0.0259 
10.68.0.0362 
10.98,0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0,0.112 

7.3.1.4 Data Post-Processing and Result Reporting. The filtered stress and cumulative strain 
results are reported after the structural response has stabilized. Based on the recommendations of 
International Atomic Energy Agency Safety Series No. 7, Explanatory Material for the IAEA 
Regulations for the Safe Transport o f  Radioactive Material (IAEA 19901, the data is filtered at 
1,000 Hz by using a six-pole sine-Butterworth filter in the ABAQUS post processor. The rationale 
for this is that the cumulative strains, which occur after the structural response has stabilized, are 
the real measure of structural damage. Also, because the structure cannot respond to  the initial 
high-frequency peak stress wave values, the BPVC stress intensities are developed after the 
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structural response has stabilized. Consequently, results of stress intensities and cumulative 
logarithmic strains are examined after stabilization of the response. In some cases, due to 
relaxation of a highly stressed region, the redistribution of the load results in regions of high stress 
with lower strain values. In such cases, the highest stressed element at the end of the analysis is 
also reported for BPVC comparisons. 

7.3.2 Environmental Heat Loading 

In the case of a worst-case liquid content, as shown in the thermal evaluation (Part B, 
Section 8.01, the exterior steady-state temperature of the drums is 62 "C (144 O F ) .  This 
temperature is based upon a conservative heat source of 0.75 W with solar insolation. For the 
case of the worst-case solid content, the exterior steady-state temperature of the drum is 63 "C 
(145 O F )  based on a 12-W heat source under solar insolation. These temperatures are well within 
the range of allowable material properties specified for the drum materials of construction. 

7.3.3 Maximum Thermal and Pressure Stresses 

Under NTC, the drums are not subjected to any significant thermal stresses. The interior 
wall and exterior wall temperatures are essentially the same due to the relative thin wall of the 
drums. Also, since the drums are vented and not sealed, increased pressure due to internal or 
external heating is not a concern. 

In the event the standard 208 L (55-gal) drums are required to be sealed, 17C and 17H 
drums will by definition (49 CFR 178.1 15 and 178.1 18) withstand pressures in excess of 1.5 times 
the standard atmospheric pressure. The UNl  A2 drums are required to withstand pressures defined 
as "Not less than the total gauge pressure measured in the packaging (i.e., the vapor pressure of 
the filling material and the partial pressure of the air or other inert gas minus 100 kPa 115 psi] at 
55 "C [131 "Fl, multiplied by a safety factor of 1.51." 

7.3.4 Vibration 

As shown in Part B, Section 7.6, the lid, locking ring, and bolt will sustain the NTC 
vibrational loads specified in ANSI (1992). The estimated number of cycles for a drum is based on 
a transport distance of 16 km ( I O  mi) at an average speed of 56 km/h (35 mi/h) with an average 
vibrational frequency of 5 Hz. Based on these parameters the drum is subjected to 5,200 cycles. 
At this relatively low number of cycles and low cyclic stresses, fatigue on the drum or any lid 
components is not a concern. Also, as shown in Part B, Section 7.6, because of the low cyclic 
loading, the locking ring bolt has a sufficient preload to prevent loosening of the nut. 

7.3.5 Water Spray 

Water spray testing of the DOT-17C and -17H standard 208 L (55-gal) drums performed by 
Mound Laboratory show no inleakage or other effects that would affect the performance of the 
drums. UN lA2  drums are required to demonstrate the ability to meet the Type A requirements. In 
the case of the retrieval drums, these drums cannot be demonstrated to meet the requirements due 
to deterioration of the seals. Consequently, retrieval drums must be shipped in covered 
conveyances or covered with waterproof material during transport. 
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7.3.6 Compression 

Compression testing has been performed on DOT-17C and -17H drum test units as 
documented in WHC-SD-RE-TI-111, Reference Attachments for the Safety Analysis Report for 
Packaging (SARPI for Transuranic Radioactive Material Transport in the 55-Gallon Drum 
HCS-042-002 (RHO 1994), and MLM-3245, DOE/DP/0053-H1, DOE Evaluation Document for 
DOT 77A TypeA Packaging (DOE 1987). These tests demonstrated acceptable performance of the 
DOT-17C and -17H drums. Compression testing of UNl A2 drums is required by the DOT-7A, 
Type A specification and must be demonstrated by the manufacturer by either testing or analysis 
before acceptance. 

In the case of the retrieval drums, it is demonstrated in Part B, Section 7.6, that the 
thin-walled retrieval drums meet the performance requirements for compression specified in Part B, 
Sections 7.2.3 and 7.2.4. 

7.3.7 Free Drop 

7.3.7.1 Standard 208 L (55-Gal) Drums. To demonstrate acceptable performance of the drums for 
a free drop, a numerical simulation of a test was performed with a 1.2 m (4.0-ft) drop with the 
center of gravity over the top corner on the specified concretelsoil surface. The case of center of 
gravity over the top corner is chosen because it results in the most damage to the drum. The initial 
impact velocity for a 1.2 m (4.0-ft) drop is 17.61 km/h (10.94 mi/h). 

The results of the numerical simulation show that at the node midway between the top and 
bottom of the drum, the average acceleration of impact is 36gs. The time and velocity at the 
rebound are determined at the maximum displacement of the drum. The velocity history is shown 
in Figure B7-IO, and the displacement history is shown in Figure 87-1 1. 

The maximum stress and accumulated plastic strain occur at Element 721, on the closing 
ring. The stress is 355 MPa (51,490 psi), and the accumulated plastic strain is 13.37%. The 
maximum stress is within the ASME (1995b) Service Level C limit for general membrane and 
bending stress of 364 MPa (52.8 ksi), which is 1.5 times the yield strength of the material at 
maximum temperature. Also at this element, the strain energy density is the highest among all 
locations at 3,962 N*cm/cm3 (5,747 in-lbf/in3). This strain energy density is below the allowable 
material rupture toughness of 6,853 N*cm/cm3 (9,940 in-lbf/in3). The stress, the accumulated 
plastic strain, and the strain energy density curves at EL 721 are shown in Figures 87-12 through 
B7-14, respectively. 
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Figure 67-10. Velocity History of the Drum with the 1.2 m (4-ft) Top-Corner Impact. 
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Figure B7-11. Displacement History of the Drum With the 
1.2 m (4-ft) Top-Corner Impact. 
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Figure 87-1 2. Stress at EL 721 with the 1.2-m (4-ft) Top-Corner Impact. 
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Figure 87-1 3. Accumulated Plastic Strain at EL 721 With 
the 1.2 m (4-ft) Top-Corner Impact. 

Total Time (ms) 

87-1 6 



HNF-2209, Rev. 0 

5000 

D 
.E 4000 . .- 
4 v 

.- $ 3000 

m n 
>I p 2000 
C w 
c .- e 
;j 1000 

0.0 

Figure 87-14. Strain Energy Density at EL 721 With 
the 1.2 m (4-ft) Top-Corner Impact. 
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7.3.7.2 Retrieval Drums. As with the standard 208 L (55-gal) drum, a computer simulation was 
performed of the impact resulting from a 1.2 m (4.0-ft) drop onto the specified concrete/soil 
surface. An impact orientation with the center of gravity over the top corner is chosen because 
this results in the most damage to  the drum. As with the standard 208 L (55-gal) drums, the initial 
impact velocity is 17.61 km/h (10.94 milh). 

The computer model developed for the standard 208 L (55-gal) drum is for the simulation 
with minor changes. The wall thickness of the drum components is reduced to 0.076 cm 
(0.030 in.), and the payload is reduced to 181 kg (400 Ib). Results of displacement, velocity, and 
acceleration are determined. The strain energy and stress intensity at critical locations are 
compared with the material rupture toughness and ASME (1995b) Service Level C limits to assess 
the drum's performance. 

Results of the computer simulation show the average acceleration is 45.3gs at the node 
midway between the top and bottom of the drum. The rebound time is chosen when displacement 
of drum is at its maximum. The displacement history is shown in Figure 67-1 5, and the velocity 
history is shown in Figure 87-16. The acceleration history is processed from the reaction forces 
and is shown in Figure 87-17 with no filtration and in Figure 87-18 filtered at 1000 Hz. The peak 
acceleration with 1000 Hz filtration is approximately 85.3gs. Acceleration data is summarized in 
Table 87-5. 
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Figure 87-1 5. 1.2 m (4-ft) Corner-Impact Displacement History. 
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Figure 87-16. 1.2 m (4-ft) Top-Corner-Impact Velocity History. 
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Figure B7-17. 1.2 m (4-ft) Top-Corner-Impact Acceleration History (Unfiltered). 
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Figure 87-1 8. 1.2 m (4-ft) Top-Corner-Impact Acceleration 
History (Filtered at 1000 Hz). 
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Case 

1.2 m (4 ft) top 
corner impact 

Table B7-5. Acceleration Data of 1.2 m (4-ft) Top Corner Impact. 

Average impact- Peak acceleration Impact period 
period acceleration (g) (ms) 

45.3 85.3 1 1  

The maximum stress and accumulated plastic strain occur at Element 461, which is on the 
drum wall. The stress is 381 MPa (55,220 psi) and the accumulated strain is 9%. At  this element, 
is the maximum strain energy density at 2,523 N.cm/cm3 (3,660 in-lbf/in3). The strain energy 
density value is below the material rupture toughness of 6,853 N*cm/cm3 (9,940 in-lbf/in3). In this 
case, the stress exceeds the ASME (1995b) Service Level C limit at maximum temperature. 
However the strain energy density is well below the material rupture toughness. Consequently, the 
drum will be severely deformed but no breach of the material retention boundary will occur. This 
damage condition satisfies the performance requirements as defined above. The stress intensity, 
the accumulated strain, and the strain energy density curves at EL 461 are shown in Figures B7-19 
through B7-21, respectively. A plot of the deformed drum is shown in Figure 67-22. 

Figure B7-19. 1.2 m (4-ft) Top-Corner-Impact Stress Intensity at EL 461 
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Figure 87-20. 1.2 m (4-ft) Top-Corner-Impact Accumulated Strain at EL 461. 
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Figure 87-21. 1.2 m (4-ft) Top-Corner-Impact Strain Energy Density at EL 461. 
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Figure B7-22. 1.2 m (4-ft) Top-Corner-Impact Deformation Plot. 

7.3.8 Penetration 

Penetration tests of DOT-I 7C and -1 7H drums, documented in WHC-SD-RE-TI-111 
'(RHO 1994) and MLM-3245 (DOE 1987), demonstrate that these drums meet the penetration test 
performance requirements. Testing of UNlA2 drums are required by the DOT-7A, Type A 
specification and must be demonstrated to meet the requirements by the manufacturer. 

In the case of the retrieval drums, it is demonstrated in Part B, Section 7.6, that the thin- 
walled retrieval drums meet the performance requirements for penetration tests specified in Part B, 
Section 7.2.3. 

7.3.9 Structural Evaluations and Conclusions 

Based on the structural NTC criteria established in this section and performance evaluations 
of both the standard 208 L (55-gal) and retrieval drums presented above, it is concluded that both 
meet NTC. 

7.4 ACCIDENT CONDITIONS 

Standard 208 L (55-gal) drums and retrieval drums transported under the requirements set 
forth by this SARP are risk-based shipments. Consequently, accident conditions evaluated herein 
are in support of the risk analysis section of this SARP. 
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7.4.1 Conditions To Be Evaluated 

In support of the risk analysis, the failure threshold for impact velocity change, dynamic 
crush (for small packages), and puncture thickness are to be determined. No other loadings are 
superimposed on the drum for these evaluations. 

7.4.2 Acceptance Criteria 

For impact velocity change and dynamic crush, the failure threshold of the package is 
defined as the velocity and force parameters, respectively, at which the package will breach 
sufficiently to spill the entire contents. The failure of the drum is established as the total strain 
energy (density) of a section that exceeds the material rupture toughness (allowable strain energy 
density) with a safety margin of 10%. This material rupture toughness is a measure of its ability to 
absorb energy when stressed in the plastic range as described in the following equation. 

u, = [ 
margin = 0.9 

x e) x margin 

This is also the material's energy-absorbing capacity for resisting fracture under a dynamic 
load. 

7.4.3 Structural Model 

The structural model and modeling used for determination of the impact velocity change 
failure thresholds are the same as described in Part 6, Section 7.3.1, for the 1.2 m (4-ft) free drop. 

For the dynamic crush failure threshold determination, the drums are modeled the same as 
for the impact velocity change failure threshold determination. In this numerical simulation the 
drums are assumed to be arranged in some specific pattern inside the transporter: the drums are 
not stacked, and each drum stands on the bed of the conveyance with bottom end down. The 
drums are arranged in rows and columns, either in line or staggered. They may be grouped into 
several sections to limit the number of drums in each section, with intermediate restraining beams 
placed between sections. During a front-end accident, the drums in the first row are pinched 
laterally between the front wall of the transporter and the rear drums, thereby subjecting the drum 
to high dynamic forces. This numerical simulation is intended to determine the failure threshold of 
the 208 L (55-gal) drum under this dynamic crush condition. The dynamic crush numerical 
simulation is conservatively modeled as the drum placed against a stationary hard unyielding plate 
and being loaded by a second hard unyielding plate with a designated weight and initial velocity to 
simulate the total weight of all drums behind the first drum. The stationary hard unyielding plate is 
used to simulate the front end of the conveyance. The half-section model is shown in 
Figure B7-23. 
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Figure 87-23. General View of 
Finite Element Model for 
Dynamic Crush Analysis. 

7.4.4 Structural Evaluations and Conclusions 

7.4.4.1 Standard 208 L (55-gal) Drum Impact Velocity Change Failure Threshold. 

7.4.4.1.1 Bottom End Impact. A 48 kmlh (30-milh) impact and a 89 kmlh (55-milh) 
impact at the bottom end of the drum with the concretelsoil target are evaluated. Using the 
velocity data of a node at the middle elevation of the drum, the average acceleration of the drum is 
approximately 4679s for the 48 kmlh (30-milh) impact and 710gs for the 89 kmlh (55-milh) 
impact. The velocity histories are shown in Figures 87-24 and 87-25 for the 48 kmlh (30-milh) and 
the 89 kmlh (55-milh) impacts, respectively. 

In this case, the most severely strained location occurs at the bottom of the drum wall. The 
strain energy density for the 48 kmlh (30-milh) impact is negligible in comparison with the material 
rupture toughness. Even with the 89 kmlh (55-milh) impact, the highest strain energy density is 
only 2,987 N*cm/cm3 (4,332 in-lb/in3) at Element 101 in the bottom region of the drum wall. The 
strain energy density history at this element is shown in Figure 87-26. The allowable strain energy 
density of A36 or A307 steel is 6,853 N*cmlcm3 (9,940 in-lb/in3). Consequently, no catastrophic 
failure, such as rupture, is expected for this case. 

The deformation of the drum and concrete for the 89 kmlh (55-milh) bottom-end-impact 
case is shown in Figure 87-27. The deformation of the concrete alone is shown in Figure 87-28. 
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Figure 87-24. Velocity History of the Drum With the 
48 km/h (30-milh) Bottom-End Impact. 
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Figure 87-25. Velocity History of the Drum With the 
89 kmlh (55-milh) Bottom-End Impact. 
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Figure B7-27. The Deformation of Drum and Concrete 
With the 89 km/h (55-milh) Bottom-End Impact. 
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Figure 67-28. The Deformation of Concrete With the 
89 km/h (55-milh) Bottom-End Impact. 

7.4.4.1.2 Side Impact. Two side-impact cases are analyzed, a 48 kmlh (30-milh) impact 
and a 80  kmlh (50-milh) impact onto the concrete/soil target. The average acceleration obtained at 
a node midway between the top and bottom of the drum shows 2429s for the 48 km/h (30-milh) 
impact and 308gs for the 80 km/h (50-milh) impact. The velocity histories are shown in 
Figures 67-29 and 67-30 for the 48 km/h (30-mi/h) and 80  kmlh (50-mi/h) impacts, respectively. 

Even though the strain energy density resulting from the side impact is substantially higher 
than that of the bottom-end impact, the magnitude is still within the range that complete rupture of 
a drum section can be excluded. Some of the elements show a strain energy density exceeding the 
material rupture toughness, but these are localized and isolated. The results are tabulated in 
Tables 67-6 and 67-7 for the 48 km/h (30-milh) and 80  kmlh (50-mi/h) impacts, respectively. 
A typical strain energy history at EL 463 (top region of drum wall) for the 80  krnlh (50-mi/h) impact 
is shown in Figure 67-31. 

The deformation of the drum and concrete for the 80  km/h (50-mi/h) side impact is shown 
in Figure 67-32. The deformation of the concrete is shown in Figure 67-33. 
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Figure B7-29. Velocity History of the Drum With 
the 48 kmlh (30-milh) Side Impact. 
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Figure 67-30. Velocity History of the Drum With 
the 80 kmlh (50-milh) Side Impact. 
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Maximum strain 
Element energy density 

N.cmlcm’ (in-lblin3) 

82 5221 (7572) 

101 3764 (5460) 
441 4789 (6946) 

661 6792 (9851) 
1081 3587 (5202) 

Location 

Edge of drum bottom plate 

Bottom region of drum wall 

Top region of drum wall 

Closing ring 
Edge of drum lid 

Element Maximum strain 
energy density 

N*cmlcm3 (in-lblin’) 

7184 (104201 82 
4990 (7237) 101 

441 7881 (11430) 

8149 (11820) 463 
661 6271 (9096) 

4743 (6880) 1081 

67-29 

Location 

Edge of drum bottom plate 

Bottom region of drum wall 

Top region of drum wall 
Top region of drum wall 

Closing ring 

Edge of drum lid 
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Figure 67-31. Typical Strain Energy History of the Drum 
With the 80 km/h (50-milh) Side Impact. 
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Figure 67-32. The Deformation of Drum and Concrete With 
the 80 km/h (50-milh) Side Impact. 
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Figure 67-33. The Deformation of Concrete With the 80  km/h (50-mi/h) Side Impact. 

7.4.4.1.3 Top-Corner Impact. The top-corner-impact analysis simulates the worst impact 
condition; Le., center of gravity over the corner. Two top-corner-impact cases are analyzed, a 
48 kmlh (30 milh) and a 64  kmlh (40 milh). Because of model numerical instability, the payload 
was modified for a 64  kmlh (40-milh) impact from a flexible shell to a more conservative rigid shell. 
The average acceleration obtained at a node midway between the top and bottom of the drum 
shows 133gs for the 48 kmlh (30-milh) impact and 151gs for the 64  kmlh (40-milh) impact. The 
velocity histories are shown in Figures 67-34 and 67-35 for the 48 kmlh (3O-mi/h) and 64  km/h 
(40-milh) impacts, respectively. 

The most severely damaged locations in this case are the top region of the drum, including 
the drum wall, closing ring, drum lid, and bolt, all of which are near the impact point. The strain 
energy density results are tabulated in Tables 67-8 and 67-9 for the 48 krnlh (30-milh) and 
64  kmlh (40-milh) velocities, respectively, for these locations. In the case of the 48  km/h (30-mi/h) 
impact, only localized failure occurs at or near the point of impact on the closure ring and at the top 
of the drum. For the 64  kmlh (40-milh) impact velocity, the whole section exceeds the allowable 
strain energy density. A typical strain energy density curve at EL 721 in the 64  kmlh (40-milh) 
impact is shown in Figure 67-36. 
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Figure 87-34. Velocity History of the Drum With the 
48 kmlh (30-milh) Top-Corner Impact. 
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Maximum strain 
Element energy density 

N*cm/cm3 (in-lb/in3) 
461 8067 (1 1700) 
701 7977 (1 1570) 
721 8094 (1 1740) 
722 8005 (11610) 

Location 

Top region of drum wall 

Closing ring 
Closing ring 
Closing ring 

Table 87-9. Drum Strain Energy Density Results 
of 64 kmlh (40-mi/h) Top-Corner Impact. 
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Figure B7-36. Typical Strain Energy History of the Drum 
With the 64  kmlh (40-milh) Top-Corner Impact. 
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As shown in Table 67-9 for the 64 kmlh (40-milh) impact case, numerous locations, 
including a whole section of the drum, have ruptured, such as the top of the drum wall, the closing 
ring, and the drum lid. However, in the 48 krnlh (30-milh) impact case only localized rupture 
occurs, which does not result in complete loss of contents. 

The deformation of the drum and concrete for the 48 kmlh (30-mi/h) top-corner impact is 
shown in Figure 87-37. The deformation of the concrete for the 48 kmlh (30-milh) impact is 
shown in Figure B7-38. The deformation of the drum with the 48 kmlh (30-milh) impact at the end 
of a 20 m s  run is shown in Figure 67-39. For the 64  kmlh (40-milh) impact, the deformation of the 
drum with the drum lid removed is shown in Figure 67-40 just before the complete rupture occurs. 
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Figure 87-37. The Deformation of Drum and Concrete With 
the 48 kmlh (30-milh) Top-Corner Impact. 

Figure B7-38. The Deformation of Concrete With the 
48 krnlh (30-milh) Top-Corner Impact. 
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Figure 87-39. The Deformation of 
Drum With the 48 kmlh (30-mi/hl 

Top-Corner Impact. 

Figure 87-40. The Deformation of 
Drum With the 64 kmlh (40-milh) 

Top-Corner Impact. 
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7.4.4.2 Retrieval Drum impact Velocity Change Failure Threshold. In the case of the retrieval 
drums, the only orientation evaluated is with the center of gravity over the top-corner impact. This 
has been demonstrated in the previous evaluations as the impact orientation that causes the most 
damage to the drum. 

The average acceleration at a node midway between the top and bottom of the drum 
shows the drum to have 193.6gs for this case. The rebound time was chosen when the 
displacement of the drum was at the maximum. The displacement history is shown in 
Figure 67-41, and the velocity history is shown in Figure 67-42. The acceleration history is 
processed from the reaction forces and is shown in Figure B7-43 when unfiltered and in 
Figure 67-44 when filtered at 1000 Hz. The peak acceleration with 1000 Hz filtration is 
approximately 488gs. Pertinent acceleration data are summarized in Table 67-1 0. 

Several locations have a strain energy density that exceeds the allowable material rupture 
toughness. These locations are localized around the closing ring and are tabulated in Table 67-1 1. 
These locations are at or near the impact corner and restricted in a localized region. A typical strain 
density plot at EL 701 is shown in Figure 67-45, Consequently, no catastrophic rupture failure of 
the drum will occur. A plot of the deformed drum for this 48 kmlh (30-milh) impact with the 
center of gravity over the top corner is shown in Figure B7-46. 

Figure 67-41. 48 km/h (30-milh) Top-Corner-Impact Displacement History. 
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Figure 67-42. 48 kmlh (30-mllh) Top-Corner-Impact Velocity History. 
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Figure 67-43. 48 kmlh (30 milh) Top Corner Impact 
Acceleration History (Unfiltered). 
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Figure 67-44. 48 km/h (30 milh) Top Corner Impact 
Acceleration History (Filtered at 1000 Hz). 

Average impact- 
period acceleration Peak acceleration 

(9) 

48 kmlh (30 milh) 193.6 488 
top corner impact 

Case 
(9) 

Impact period 
(ms) 

7.06 

Table 67-1 1. Drum Strain Energy Density Results 
of 48 kmlh (30 mi/h) Top-Corner Impact. 

Maximum Strain 

N.cmlcm3 (in-lblin3) 
Element Energy Density Location 

7632 (1 1070) Closing ring 
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Figure 87-45. 48 km/h (30-milh) Top-Corner-Impact 
Strain Energy Density at EL 701. 

Figure 87-46. 48 kmlh (30 mi/h) Top Corner Impact Deformation Plot. 
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7.4.4.3 Standard 208 L (55-gal) Drum Dynamic Crush Failure Threshold. After several iterations, 
two  cases have been defined that establish the parameters where the standard 208 L (55-gal) drum 
catastrophically fails. The first is for a 1,361 kg (3,000-lb) load with a 48 km/h (30-mi/h) initial 
velocity impacting a stationary drum. The second case is a 2,268 kg (5000-lb) load with a 
40 km/h (25-mi/h) initial velocity impacting a stationary drum. In the second case there is 15% 
more kinetic energy imposed onto the stationary drum. These two cases also bound the various 
drum arrangements and tiedown methods in or on a conveyance. 

The 1,361 kg148 km/h (3000-lb/30-mi/h) case shows that the drum ruptures in the bottom 
region. The strain energy density at the bottom region of the drum wall is up to the material 
rupture toughness in most places. There are 12 elements used around the half section in the drum 
wall, and 9 out of 12 elements exceed the material rupture toughness. The remaining three 
elements are at least 80% of the material rupture toughness. Table 87-12 shows the elements 
where strain energy density exceeds the rupture toughness. In this case the average deceleration 
factor on the drum is approximately 769s. The velocity history is shown in Figure 87-47. 

Table 87-12. Drum Strain Energy Density Results Dynamic 
Crush (1,361 kg/48 km/h [3000-lb/30-mi/hl) Impact. 

The 2,268 kg140 km/h (5000-lb/25-mi/h) case shows that the drum ruptures at the bottom 
of the wall joining the bottom plate. The strain energy density in this region, taken as a whole 
cross-section, exceeds the material rupture toughness. Table 87-1 3 shows the elements where 
strain energy density exceeds the rupture toughness. The average deceleration factor on the drum 
is approximately 53gs. The velocity history is shown in Figure 87-48. 

The deformation of the drum in the 1,361 kg148 kmlh (3,000-lb/30-mi/h) dynamic crush 
case is shown in Figure 87-49. As can be seen, the sides of the drum wall have been flattened by 
the load and the target. 
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Figure 67-47. Velocity History of the Drum in the Dynamic Crush Analysis 
With 1,361 kg (3000-lb) Load and 48 kmlh (30-mi/h) Impact Velocity. 
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Table 67-13. Drum Strain Energy Density Results Dynamic 
Crush (2,268 kg/40 kmlh [5,000-lb/25-mi/hl) Impact. 
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Figure 87-48, Velocity History of the Drum in the Dynamic Crush Analysis 
With 2,268 kg (5,000-lb) Load and 40  km/h (25-milh) Impact Velocity. 

Total Time (ms) 

Figure 87-49, The Deformation 
of Drum With the 1,361 kg 

(3000-lb), 48 kmlh (30-mi/h) 
Dynamic Crush Case. 
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Based on these numerical simulations, the dynamic crush failure thresholds establish two 
limiting arrangements for drums on or in a conveyance. At an allowable speed of 48 kmlh 
(30 mi/h), the total gross weight of the drums, including the first drum, that can be placed directly 
behind the first drum against any of the conveyance walls cannot be greater than 1,361 kg 
(3,000 Ib). As alternative, with an allowable speed of 40 km/h (25 mi/h), the total gross weight of 
the drums, including the first drum, that can be placed directly behind the first drum against any of 
the conveyance walls cannot be greater than 2,268 kg (5,000 Ib). 

7.4.4.4 Retrieval Drum Dynamic Crush Failure Threshold. In this case a 726 kg (1,600-lb) load 
with a 48 kmlh (30-mi/h) speed is numerically simulated to be crushing into the side of the retrieval 
drum, which is against a stationary wall. For conservatism, the load is assumed as a rigid plate, 
and the stationary wall opposite the drum is also a rigid plate. The displacement history of the load 
is shown in Figure 87-50, and the velocity history is shown in Figure 87-51, Based on the above 
data, the average acceleration factor on the drum is approximately 87.3gs. The acceleration 
history of the load is shown in Figure 87-52 when unfiltered and in Figure 87-53 when filtered at 
1000 Hz. The peak acceleration with 1000 Hz filtration is approximately 168.5gs. Pertinent 
acceleration data are summarized in Table 87-14. 
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Figure 87-52. 48 kmlh (30 milh), 726 kg- (1,600-lb-) Load, 
Dynamic Crush-Impact Acceleration History (Unfiltered). 
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Figure 57-53. 48 km/h (30-mi/h), 726 kg- (1,600-lb-) Load, Dynamic 
Crush-Impact Acceleration History (Filtered at 1,000 Hz). 
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Table 57-14. Acceleration Data of Dynamic Crush Impact. 

Dynamic crush impact 
(48 kmlh1726 kg 

163.3 15.65 I 87'3 I 
Several locations have a strain energy density that exceeds the allowable material rupture 

toughness. They are tabulated in Table 57-1 5. Critical locations are at the bottom plate, the lower 
wall region, and the top wall region. However, these critical regions are restricted to  small localized 
areas; catastrophic failure is not predicted to occur. A typical strain density plot at EL 441 is 
shown in Figure B7-54. A plot of the deformed drum for this 48 km/h (30-rnilh) dynamic crush 
impact is shown in Figure 67-55. 
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Table 87-1 5. Drum Strain Energy Density Results 
of Dynamic Crush Impact. 

energy density 
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Figure 87-55. 48 kmlh (30-mi/h), 726 kg- (1,600-Ib4 Load, 
Dynamic Crush-Impact Deformation Plot. 

Based on these numerical simulations, the dynamic crush failure thresholds establish two 
limiting arrangements for drums on or in a conveyance. At  an allowable speed of 48 krnlh 
(30 milh), the total gross weight of the drums, including the first drum, that can be placed directly 
behind the first drum against any of the conveyance walls cannot be greater than 726 kg 
(1.600 Ib). 

7.4.4.5 Summary and Conclusions. For quick reference all critical locations of the standard 208 L 
(55-gal) drum with high strain energies are shown in Table 67-16, The average acceleration results 
are shown in Table B7-17. 

Table 87-16. Drum Strain Energy Density Results. 
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48 kmlh (30 milh) 

89 km/h (55 milhl 

48 km/h (30 milh) 

80 km/h (50 mi/h) 

48 kmlh (30 milh) 

64 km/h (40 milh) 
1,361 kgl48 km/h (3000 Ibl30milh) 

2,268 kg140 kmk (5000 lb125 mi/h) 

Table B7-17. Drum Acceleration for Impact Cases 
Load Acceleration for Dynamic Crush Cases. 

(9) 

467 

710 

242 

308 

133 

151 
76 

53 

Bottom end impact 

Side impact 

Corner impact 

Dynamic crush (side) 

Case 
I Average I 

acceleration 

The above data show that catastrophic impact velocity-change failure of the a worst-case 
standard 208 L (55-gal) drum begins to occur at 64  km/h (40 mi/h); consequently, the maximum 
failure threshold velocity is defined as 64  kmlh (40 milh). This is based on the impact orientation 
that causes the most damage. For dynamic crush there are two allowable conditions at which 
catastrophic failure of the drums initiates. At  an allowable speed of 48 km/h (30 milh), the total 
gross weight of the drum arrangement against a conveyance wall with intermediate supports 
cannot be greater than 1,361 kg (3,000 Ib). For an allowable speed of 40 km/h (25 milh), the total 
gross weight of the drum arrangement against a conveyance wall with intermediate supports 
cannot be greater than 2,268 kg (5,000 Ib). 

In the case of the retrieval drums, the impact velocity failure threshold of the drum is 
48 km/h (30 mi/h) with only localized failure. Under dynamic crush for an allowable speed of 
48 kmlh (30 mi/h), the total gross weight of the drums, including the first, placed against the wall 
of the conveyance is 726 kg (1,600 Ib). 

Results of this evaluation show that. the impact velocity change threshold at which a 
standard drum loaded to 658 kg (1450 Ib) will begin to lose its ability to contain the material is 
28 km/h (17.3 mi/h). This is shown by one element of the drum exceeding 90% of the material 
toughness. This impacting velocity change threshold is determined as the impact velocity at which 
the strain energy density exceeds 90% of the material toughness at any location on the drum. 
Exceeding the material toughness at a location by the criteria established, signifies that the drum 
has been breached at that location. In the case of the retrieval drum with the lower payload 
weight, the strain energy densities of all elements of the drum are well below 90% of the material 
toughness at an impacting velocity of 28 km/h (17.3 mi/h). However, due to the uncertainty in 
retrieval drum condition, an impacting velocity of 28 kmlh (17.3 mi/h) is established as the upper 
bound at which containment failure would be initiated. 

87-49 



HNF-2209, Rev. 0 

7.4.4.6 Standard and Retrieval Drum Containment Loss Impact Velocity Failure Threshold. The 
above ABAQUS/Explicit (HKS 1995) impact velocity failure threshold numerical simulations 
determine the impact velocity at which the drums sustain catastrophic rupture and complete loss of 
contents. In this ABAQUSlExplicit impact numerical simulation, the impact velocity threshold at 
which the drum containment performance fails is determined. As with the failure threshold 
numerical simulations, the containment loss threshold evaluation evaluates both the standard 208 L 
(55 gal) and thin-walled retrieval drums. The previous numerical simulations show that the top- 
corner impact is the worst-case impact and results in the lowest velocity thresholds. Subsequently, 
this numerical simulation only simulates the top-corner impacts of both types of drums onto the 
concretelsoil target. The previously developed standard drum model and the thin-walled retrieval 
drum model are used with only minor changes to initial impact velocity. After the numerical 
simulation, results of the displacement, velocity, and acceleration were evaluated. The strain 
energy density of critical location was compared with the material rupture toughness to assess the 
drum performance. From the numerical simulations, it has been determined that drum containment 
failure begins to occur at an initial impact velocity of approximately 28 km/h (17.3 milh) for both 
the standard and retrieval drums. This initial impact velocity equates to an equivalent drop height 
of 3.1 m ( IO ft). The commonality of this failure point is due to the lighter weight of the retrieval 
drums that offsets the reduction in wall thickness. This is also shown in the previous numerical 
simulations. The results of the final numerical simulation are summarized below. 

7.4.4.6.1 (IO f t)  Top-Corner Impact of the Standard Wall Thickness Drum. The 
displacement and velocity at a node midway between the geometric center of the drum are 
evaluated. The displacement history is shown in Figure 87-56, and the velocity history is shown in 
Figure 87-57. The rebound time of the drum was assumed to be at maximum drum displacement. 
The average acceleration is calculated from the initial impacting velocity and the time to  rebound. 
The acceleration history is developed from the reaction forces of the target and converted to the 
acceleration by dividing the total reaction force by the weight of the packaging. The peak 
acceleration was determined to be approximately 1589s at 1,000 Hz filtration. Figure 87-58 shows 
the filtered acceleration history, and the acceleration data are summarized in Table 87-18. 

Figure 87-56. Displacement History of Standard Drum Under Top-Corner Impact. 
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Figure 67-57. Velocity History of Standard Drum Under Top-Corner Impact. 
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Figure 67-58. Acceleration History of Standard Drum Under Top-Corner Impact. 
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Standard drum 

Table B7-18. Acceleration Data of the Standard-Wall-Thickness Drum 
Under (1 0 ft) Top-Corner Impact. 

81.3 158.1 9.69 

I Average impact- I Peak acceleration I Impact period I 
Deriod acceleration rs) (ms) 

Table B7-19 shows the highest strain energy densities of the drum. Table B7-19 shows the 
drum wall data are below the allowable rupture toughness of 6853 N-cm/cm3 (9,940 in-lb/in3). 
Only one element on the drum closing ring has a higher strain energy density than the allowable 
rupture toughness of the material. The location of this high-strain energy density is at the impact 
point. At  this location the ring deformation is restricted in a localized region. A typical strain 
density plot of the drum wall (EL 461) is shown in Figure B7-59, and a typical strain density plot of 
the drum closing ring (EL 721) is shown in Figure 87-60. A plot of the deformed drum for this 
3.1 m (10-ft) top-corner impact is shown in Figure 87-61. 

Table 87-19. Strain Energy Density Results of the Standard-Wall- 
Thickness Drum Under ( I O  f t)  Top-Corner Impact. 

Maximum strain 
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I I 

Figure 67-59. Strain Energy Density at Drum Wall (EL 461) 
Standard Drum Top-Corner Impact. 
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Figure 87-60. Strain Energy Density at Drum Wall (EL 721) 
Standard Drum Top-Corner Impact. 
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Figure 67-61. Deformation Plot of the 
Standard Drum Under a Top- 

Corner ImDact. 

7.4.4.6.2 ( I O  ft) Top-Corner Impact of Retrieval Drum. The displacement and velocity at a 
node at the geometric center of the drum are evaluated. The displacement history is shown in 
Figure 87-62, and the velocity history is shown in Figure 87-63. The rebound time of the drum is 
assumed to be at maximum drum displacement. The average acceleration is calculated from the 
initial impacting velocity and the rebound time. As with the standard drum, the acceleration history 
is developed from the reaction forces on the target and is shown in Figure 67-64 when filtered at 
1,000 Hz. The peak acceleration filtered at 1,000 Hz is approximately 208g. Pertinent 
acceleration data are summarized in Table 67-20, 
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Figure B7-62. Displacement History of Retrieval Drum 
Under Top-Corner Impact. 

Figure B7-63. Velocity History of Retrieval Drum 
Under Top-Corner Impact. 
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Figure 67-64. Acceleration History (Filtered at 1,000 Hz)' of 
Retrieval Drum Under Top-Corner Impact. 
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Table 67-20. Acceleration Data of the Retrieval Drum 
Under a Top-Corner Impact. 

The strain energy densities of the drum wall and the closing ring are all less than the 
allowable rupture toughness in this case. The strain energy density data are summarized in 
Table 67-21. A typical strain energy density plot of the drum wall (EL 441) is shown in 
Figure 67-65, and a typical strain energy density plot of the drum closing ring (EL 721) is shown in 
Figure 67-66. A plot of the deformed drum for this 3.1 m (10-ft) top-corner impact is shown in 
Figure 67-67. 
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Table 67-21. Strain Energy Density Results of the Retrieval 
Drum Under 3.1 m (10-ft) Top-Corner Impact. 

Figure 87-65. Strain Energy Density at (EL 441) of the Retrieval 
Drum Wall Under Top-Corner Impact. 
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Figure B7-66. Strain Energy Density at (EL 721) of Retrieval Drum 
Closing Ring Under Top-Corner Impact. 
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Figure 87-67. Deformation Plot 
of Retrieval Drum Under Top- 

Corner Impact. 
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7.5 EVALUATION OF THE RESPONSE OF AN ARRAY OF DRUMS TO AN ACCIDENT 

The purpose of this section is to evaluate the response of an array of drums loaded in a 
conveyance vehicle to  a transportation accident. Specifically, the objective of the analysis is to 
determine the number of drums in an array that may be damaged as a result of the accident as a 
function of the conveyance vehicle initial velocity. The analysis uses the information developed in 
Part 8, Section 7.4.4.3, "Drum Dynamic Crush Failure Threshold," as a starting point to consider 
the response of an array of drums to an accident situation and to validate the model that is 
developed. The m-ode1 assumes that an array of drums is being transported on a tryck moving with 
an initial velocity V,. Therefore, each drum in the array has an initial momentum P, = mc,,. 

There are three situations that can be considered. First, the conveyance vehicle impacts an 
object in a head-on collision. Second, the conveyance vehicle is impacted by an object from behind 
(i.e., a rear-end collision), and, third, the conveyance vehicle is impacted by an object striking at an 
angle from the_side he., a side collision). The relative velocity of the conveyance vehicle, with 
initial velocity V,, and another object, with initial velocity V,, is given by; 

- 4 -  v, = v, - v, 
The following discussion demonstrates that the relative velocity is largest for a head-on 

collision; hence, the momentum transfer will be largest for a head-on collision. Also, the largest 
change in momentum comes from the conveyance vehicle striking a stationary, unyielding surface. 
Consequently, the analysis focuses on a head-on collision of the conveyance vehicle with a 
stationary, unyielding surface. Other collision situations will be less devastating, and, hence, the 
analysis will be conservative. 

For a head-on collision where the two bodies are traveling in opposite directions, the relative 
velocity is given by; 

Head-on Collision: V, = V, + V, . 
For a rear-end collision where the second body strikes the first body from behind, the 

Rear-End Collision: V, = V, - V, , 
relative velocity is given by; 

and for a side collision the relative velocity is given by; 

Side Collision: V, = V, - V, cos0 , 

where the velocity of the second body is at an angle e relative to the velocity of the conveyance 
vehicle. As e changes from zero, to go", to 180". the relative velocity changes from that for a 
rear-end collision, to a side collision at right angels, to a head-on collision. 

If the object which the conveyance vehicle strikes is stationary, but of large mass 
(approaching infinite), the momentum transfer will be the largest. Hence, as noted above, the 
analysis will consider a head-on collision of the conveyance vehicle with a stationary, unyielding 
surface. A preliminary model is depicted in Figure 87-68 for which the equations of motion can be 
solved in closed form. This preliminary model is used to set the framework for a more extensive 
model to be discussed later. 
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Figure 87-68. Preliminary Model. 
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The equation of motion for the preliminary model identified in Figure 67-68, is; 

where k represents the constant of the elastic portion of the model (equivalent to a spring) and C 
represents the constant of the inelastic portion of the model, which is represented by an energy- 
absorbing devise. 

The closed form solutions of the above equation are; 

x(t) = C, e -(a-P)t + Cze-(a*P)t ,and 

v(t) = C,(-(a-P))e-(a-~~' + c 2 ( a + ~ ) e - c a + ~ ~ t  

where 

and the root of the characteristic equation are ; 

From the initial conditions of the model 1 x ( 0 )  = 0 and v(0) = V,], the constants C, and C, 
are determined as C, = - C, and C, = V,12P. Therefore, the closed form solutions to the 
preliminary model are; 
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The above equations represent a damped system, and the value for the displacement, 
velocity, and acceleration can be evaluated as functions of time. The values of the velocity and 
acceleration decrease exponentially, approaching zero as t approaches infinity. The time 
dependence of the above equations as functions of time were used to gauge the solutions of a 
more general model. 

Using the preliminary model in Figure 87-88 as a guide, a more general model was 
developed that represents several objects moving together with an initial system velocity that strike 
a stationary, unyielding surface. The more general model is provided in Figure 87-69. In the 
general model, the elastic springs in series sum as reciprocals (i.e., they behave like electrical 
capacitors and store energy), while the inelastic components in series sum (i.e., they behave like 
electrical resistors and dissipate energy). 

Figure 67-69, General Model Treating Drums Involved in a Collision. 
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Drum 2 Drum 1 

i Unyielding 
j Surface 

j 

The coupled, second-order differential equations that represent the equations of motion for 
each drum in Figure 87-69 can be written explicitly in terms of the total forces acting on each 
drum. The coupled, second-order differential equations are solved as difference equations using 
Euler's method. In order to check the solutions of the finite element model, a similar model was 
developed using the MathCad computer program, which contains a solver for second-order 
differential equations. The results of the two solutions were compared and were in good 
agreement, indicating that the solutions for the finite element model were correct. 

The next step was to identify the appropriate constants k and C that are to be used for the 
drums in the finite element model. This was accomplished by modifying the general model to 
match the analysis that was completed in Part B, Section 7.4.4.3. for the drum dynamic crush 
failure threshold. The finite element model for the drum dynamic crush failure threshold is 
presented in Figure 7.3-3, which represents the configuration applicable to  the failure threshold of 
drums under a dynamic crush condition (see Figure B7-23). The finite element model represents a 
drum at rest against a stationary, unyielding surface that is loaded, or impacted, by a second mass 
with a designated weight and initial velocity. In the analysis in Part B, Section 7.4.4.3, the second 
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mass was assumed to be a hard, unyielding plate with a designated weight and initial velocity to 
simulate the total weight of all drums behind the first drum. 

Figure 87-70. Model for the Drum Dynamic 
Crush Failure Threshold. 

Object With 
Initial Velocity Vo 
and Mass M 

Initial Velocity, 
v o  - 

m kl 

Drum at Rest 

Unyielding 
Surface 

Initial Velocity, 
v=o I lMD Surface 

The results of the drum dynamic crush failure threshold analysis (Part B, Section 7.4.4.3) 
are presented in Table B7-22 along with the results that were obtained from the finite element 
model shown in Figure 87-70. The values for the spring constants, k, and dissipative constants, C, 
were varied until the results for the finite element analysis were in agreement with the dynamic 
crush failure threshold analysis. The values for the spring constants, k, and the dissipative 
constants, C, determined by matching the analysis are presented in Table B7-23. The average for 
these values (given in Table 87-23) are used for the corresponding spring constants, k, and 
dissipative constants, C, for drums in the remaining analysis. 

Table B7-22. Summary of Results From Dynamic Crush Failure 
Threshold Analysis and Finite Element Analysis. 

(rnlsec) 
111.6 21.55 

51 110 21.7 
76 252 18 

75 255 18.1 
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Table 87-23. Spring Constant, k, Dissipative Constant, C, and Total Absorbed 
Energy Determined to Match the Results in Table 67-22. 

Total absorbed energy 
(kglsec) (kglsec’) (nt-m) 

2.5 x 1 0 5  1.8 x 107 131,000 

1.2 x 107 1 16,000 

123,000 

5000 Ib (2226 kg) 

3000 Ib (1361 kg) 

The total energy absorbed by the drum of mass m, that was being crushed by the load of 
mass M was determined for the two cases. The results for the total absorbed energy is also given 
in Table 87-23. This total absorbed energy is in the form of a potential energy associated with the 
elastic deformation of the drum plus the energy associated with inelastic deformation of the drum. 
Note that the plastic stress and strain relations for the drum (see Table 87-3, Section 7.3.1.3) and 
the modulus of elasticity of the drum suggest that the majority of the energy is in the dissipative 
term associated with inelastic deformation. For the results presented in Table 67-23 for the total 
absorbed energy, about 1 % is in the form of elastic deformation, and nearly 99% of the total 
absorbed energy is in the form of inelastic deformation. These results further support the relative 
relationship between the values for k and C given in Table 87-23. 

The first analysis considered three drums of equal mass moving with an initial velocity of 
13.4 m/s (30 milh) using the model identified in Figure 67-69. The spring constants, k, and 
dissipative constants, C, used in the analysis are the average values given in Table 87-23. The 
deceleration and total absorbed energy for the three masses are shown in Figure 87-71. Note that 
the first drum (Mass 1) has a much larger deceleration after striking the unyielding surface than the 
second (Mass 2) or third (Mass 3) drum. The second and third drum (Mass 2 and 3) are tightly 
coupled such that they move with nearly the same velocity and the same acceleration. The kinetic 
energy of the second and third drum is transformed into dissipative energy in the first drum, and 
because of the large deceleration of the first drum, the first drum absorbs much more energy than 
the second or third drum as seen in Figure 87-71. The results in Figure 87-71 suggest that the first 
drum may be damaged (an absorbed energy larger than 116,000 to 130,000 nt-m), but the second 
and third drums most likely would not be damaged. 
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Figure 87-71. Deceleration and Total Absorbed Energy for Case 1 : 
Three Drums of Equal Mass Traveling at 30 mi/h (1 3.4 m/s). 
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The above results are point-value results using the values of k and C presented in 
Table B7-23 and three drums with a maximum weight of 658 kg (1450 Ib). Even though the 
average standard 208 L l55-gal) drum has a maximum weight of 658 kg, the actual weight of a 
drum loaded with waste would be between 800 and 900 Ib (363 to 408 kg) and many may not 
weigh more than an empty drum. The uncertainty associated with the mass that may be loaded in 
either of the three drums was represented by a triangular probability density function with the 
appropriate parameters given in Table 87-24. Also, the uncertainty in the spring constant, k, and 
the dissipative constant, C, was represented by a triangular probability density function with the 
values defining the distributions given in Table 87-24. For this analysis a triangular probability 
density function was an adequate representation of the uncertainty. Other probability density 
functions (e.g., a normal distribution,.or lognormal distribution) could have been used, but would 
have provided similar results. 
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Table 87-24. Uncertainty Distributions for Mass of a Drum, Spring 
Constant, k, and Dissipative Constant, C. 

Minimum Most likely Maximum 

Mass (kg) 

Mass (Ib) 1450 

k (kg/sec21 3.0 x I O 6  1.5 x 107 3 . o ~  io7 
5.0 x i o4  2.35 x io5 5.0 x 1 0 5  

Three cases were evaluated using uncertainty analysis where the mass, k, and C for each of 
three drums in the model of Figure 87-69 was represented by an uncertainty probability density 
function. The three cases were for an initial system velocity of 30, 35 and 40 rnilh, respectively 
(13.4, 15.6, and 17.9 m/s). The model was analyzed using Monte Carlo convolution techniques to 
randomly vary each of the above variables. The results for the total absorbed energy for each drum 
were represented by a cumulative distribution function. The cumulative distribution function 
provides the probability of not exceeding a specified value. The results of these three cases are 
presented in Figure 87-72. Note that only the total absorbed energy for the first drum is presented 
in Figure 87-72. The cumulative distribution functions for the second and third drums were 
significantly below the cumulative distribution function for the first drum as identified by the data in 
Figure 87-71. 

For an initial system velocity of 30 milh (13.4 m/sl, there is greater than a 95% confidence 
that none of the drums will exceed the failure criteria of between 116,000 and 130,000 nt-m. For 
an initial system velocity of 35 milh (1 5.6 m/s), there is 70 to 80% confidence that only the first 
drum will fail the criteria and that the other drums behind the first drum will not fail the criteria. For 
an initial system velocity of 40 mi/h (17.9 m/s), there is only a 3 0  to 40% confidence that the first 
drum will fail the criteria. However, at this initial system velocity the other drums behind the first 
drum do not fail the criteria. As noted earlier, this is because the second and third drums are 
tightly coupled and transfer all of their momentum to the first drum as seen in the much larger 
deceleration of the first drum in Figure 87-71. 
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Figure 67-72, Cumulative Distribution Functions for the Total Absorbed Energy 
of the First Drum for 30, 35, and 40 mi/h, Respectively. 
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If other drums were included in the model, the results would be similar in that each drum 
would be tightly coupled to the one in front of it, and the group would transfer all of its momentum 
to  fail the first drum and then to fail the second drum. Thus, for more drums in the array, the 
likelihood of the second drum failing the criteria would increase. However, for the results presented 
in Figure 87-72, the second and third drums were significantly below the failure criteria such that it 
would take many more drums before the second drum would exceed the failure criteria. 

The coupling of drums to either side of a row of drums in the direction of the initial system 
velocity has been neglected in the above analysis. This coupling would be small since the 
momentum transfer from drum to drum is largest in the direction of the initial system velocity. 
Any perpendicular coupling of drums (i.e., perpendicular to the initial motion of the system) would 
initially be zero and would tend to  absorb energy. Thus, any perpendicular coupling of drums 
would tend to reduce the total absorbed energy in each drum. 

The results presented in Figure 67-72 are very conservative for the following reasons. First, 
in a front-end collision the conveyance vehicle would absorb a sufficient amount of energy that 
would not be transferred to the first drum. The large mass of the conveyance vehicle and the 
energy that the conveyance vehicle would absorb were not included in the analysis. Second, the 
analysis considered a collision of the system with a stationary, unyielding surface. No surface is 
truly unyielding, specifically another approaching vehicle or the wall of a building. Third, the 
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dynamic crush failure threshold analysis in Part B, Section 7.4.4.3, was completed for a drum that 
had a maximum weight of 658 kg. The results in Part B, Section 7.4.4.3, would have been 
substantially different if a drum with a lighter mass had been used. Consequently, as noted, the 
results presented in Figure B7-72 are very conservative. 

One can conclude, therefore, that there is a greater-than-95% confidence that for an initial 
system velocity of 30  milh (13.4 mls), or less, none of the drums on a conveyance vehicle would 
fail in an accident collision. For an initial system velocity of 35 mi/h (1 5.6 m/s), there is greater 
than an 80% confidence that in an accident collision only the first drum in a series of drums would 
fail and that the other drums behind the first drum would not fail. 
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7.7 APPENDICES 

7.7.1 Input Files 

7.7.1 .I DOT-17H 55-Gal Drum 30-MPH Side Drop. 

*HEADING 
DOT-17H 55 GALLON DRUM, 30 MPH SIDE DROP, FILE=DSDSOM 
*RESTART, WRITE, NUMBER INTERVAL= 10 .............*......* f... 

.* DRUM ...............*.. I...... .. 
GENERATE THE NODES OF DRUM BOTTOM PLATE 

I .  

'NODE, SYSTEM=R 
*NODE 
1. -3.6, 0.0. 0.0 
7, 3.6, 0.0. 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
'NGEN, NSET=LINEA 
1 7 1  ., -, . 
*NGEN, NSET=LINEB 
22. 28, 1 
.NFILL. NSET=DMBl 
LINEA,.LINEB. 3. 7 
'NODE. NSET=DMBZ 
41. 
42. 
43, 
44. 
45, 
46. 
47, 
48. 
49. 
50, 
51. 
52. 
53. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71, 
72. 
73. 
81. 
82. 
83. 
84. 
85, 
86. 

88. 
87. 

5.4417, 0.0, 0.0 
5.3380, 1.5872, 0.0 
5.0342, 3.1208, 0.0 
4.5508, 4.5508, 0.0 
3.1208, 5.0342, 0.0 
1.5872, 5.3380, 0.0 
0.0. 5.4417, 0.0 

-1.5872, 5.3380, 0.0 
-3.1208, 5.0342, 0.0 
-4.5508, 4.5508, 0.0 
-5.0342, 3.1208, 0.0 
-5.3380, 1.5872, 0.0 
-5.4417, 0.0, 0.0 
7.2833, 0.0, 0.0 
7.0760. 1.9745. 0.0 
6.4683, 3.8417. 0.0 
5.5016, 5.5016. 0.0 
3.8417, 6.4683, 0.0 
1.9745, 7.0760, 0.0 
0.0. 7.2833, 0.0 

-1.9745, 7.0760, 0.0 
-3.8417. 6.4683, 0.0 
-5.501 6, 5.501 6, 0.0 
-6.4683, 3.8417. 0.0 
-7.0760. 1.9745, 0.0 
-7.2833. 0.0, 0.0 
9.6000, 0.0, 0.0 
9.2729. 2.4847, 0.0 
8.3138, 4.8000, 0.0 
6.7882, 6.7882, 0.0 
4.8000, 8.3138. 0.0 
2.4847, 9.2729, 0.0 
0.0, 9.6000, 0.0 

-2.4847. 9.2729, 0.0 

87-70 



HNF-2209, Rev. 0 

89, -4.8000. 8.3138, 0.0 
90, -6.7882, 6.7882, 0.0 
91, -8.3138, 4.8000, 0.0 
92. -9.2729, 2.4847, 0.0 
93, -9.6000, 0.0. 0.0 
*NODE, NSET=DMB3 
101, 11.5000, 0.0, 0.0 
102, 11.1081, 2.9764. 0.0 
103, 9.9593. 5.7500, 0.0 
104, 8.1317, 8.1317. 0.0 
105, 5.7500, 9.9593. 0.0 
106, 2.9764, 11.1081, 0.0 
107, 0.0, 11.5000, 0.0 
108, -2.9764, 11.1081. 0.0 
109, -5.7500, 9.9593, 0.0 
110, -8.1317, 8.1317, 0.0 
111, -9.9593. 5.7500, 0.0 
112.-11.1081. 2.9764, 0.0 
113, -1 1,5000, 0.0. 0.0 
*NSET, NSET=DMB 
DMB1, DMB2, DMB3 

* f  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 
. I  

1. 

'ELEMENT, TYPE=S4R 
1. 1. 2. 9. 8 
*ELGEN, ELSET= DMBA 
1.6.1.1.3.7.6 
.ELEMENT. TYPE=S4R. ELSET=DMBB 
21, 7,41,42, 14 
22, 14, 42, 43, 21 
23, 21. 43, 44, 28 
24, 28, 44, 45, 27 
25, 27, 45, 46, 26 
26, 26, 46, 47, 25 
27, 25, 47. 48, 2 4  
28, 24, 48, 49, 23 
29. 23, 49, 50. 22 
30, 22, 50, 51, 15 
31, 15, 51, 52, 8 
32, 8, 52, 53, 1 
41.41.61.62.42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1, 3, 20, 2 0  
'ELSET, ELSET=DMB 
DMBA, DMBB 
'SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 .. 
* *  GENERATE THE DRUM CYLINDRICAL WALL 
1. 

* *  NODES 

'NCOPY,SHIFT.CHANGE NU=40,0LD SET=DMBB,NEW SET=Ll 
I .  

0.0, 0.0, 2.0 
o.o,o.o,o.o,o.o,o.o, 1.0,o.o 
*NCOPY,SHIFT.CHANGE NU=300,0LD SET=Ll,NEW SET=L2 
0.0, 0.0, 30.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU =40,OLD SET=LZ.NEW SET=L3 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0, 1.0,o.o 
'NFILL, NSET=DMWl 
DMB3, L1. 2, 20 
*NFILL, NSET=DMW2 

*NFILL, NSET=DMW3 

*NODE, NSET=DMW4 
501, 11.5000, 0.0. 34.5 
701 11.5000. 0.0, 35.0 
'NdOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 
0.0, 0.0, 0.0 
0.0.0.0.0.0. 0.0.0.0. 1.0. +15.00 
'NSET, NSET=DMW 
DMWl, DMWZ, DMW3, DMW4 

* "  ELEMENTS 

L1, LZ, 15, 20 

12, L3.2, 20 

I" 
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.. 
*ELEMENT, TYPE=S4R, ELSET=DMWl 

*ELGEN. ELSET=DMWl 

*ELEMENT, TYPE=S4R, ELSET=DMWP 
141, 141,161, 162,142 
'ELGEN, ELSET=DMW2 , 

141.12.1.1.15.20.20 
'ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441,461, 462,442 
*ELGEN, ELSET=DMW3 
441, 12, 1. 1, 2, 20, 20 
.ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481,501, 502,482 
501, 501. 701,702, 502 
'ELGEN, ELSET=DMW4 
481, 12, 1, 1 
501, 12, 1, 1 
'ELSET, ELSET=DMW 
DMWl, DMWP, DMW3, DMW4 
*SHELL SECTION, ELSET=DMW, MATER 
0.0478 

101,101, 121,122,102 

101, 12, 1, 1,2,20,20 

.f 

* *  GENERATE THE NODES OF DRUM LID .. 
*NCOPY,SHIFT,CHANGE NU = 1000.01 
0.0, 0.0, 34.50 

* *  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102. 10.1422, 2.7176. 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246. 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176, 10.1422, 34.50 
1107, 0.0, 10.5000, 34.50 
1108. -2.7176, 10.1422, 34.50 
1109, -5.2500. 9.0933. 34.50 
11 10, -7.4246. 7.4246. 34.50 
1111, -9.0933. 5.2500, 34.50 
1112,-10.1422. 2.7176. 34.50 
1113,-10.5000. 0.0, 34.50 

* *  GENERATE THE DRUM LID 

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

.* 

1. 

*ELEMENT, TYPE=S4R 
1001,1001,1002,1009, 
'ELGEN, ELSET=DMLA 
1001, 6, 1, 1, 3, 7. 6 
*ELEMENT, TYPE=S4R, E 
1021. 1007, 1041, 1042, 
1022, 1014, 1042,1043, 
1023, 1021, 1043,1044, 
1024, 1028,1044,1045, 
1025, 1027,1045,1046, 
1026,1026,1046,1047. 
1027,1025, 1047, 1048, 
1028,1024,1048,1049. 
1029, 1023, 1049, 1050, 
1030, 1022,1050,1051, 
1031, 1015, 1051, 1052, 
1032, 1008. 1052,1053, 
'ELEMENT, TYPE=S4R 
1041, 1041,1061,1062. 
*ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2, 20, 20 
*ELEMENT, TYPE=S4R 
1081, 1081. 1101, 1102, 
*ELGEN. ELSET=DMLD 

1008 

LSET = DMLB 
1014 
1021 
1028 
1027 
1026 
1025 
1024 
1023 
1022 
1015 
1008 
1001 

1042 

1082 

IAL: 

.D SET: 

= Sl 

=DMB,NEW SEl .=OML 

, MATERIAL=ST 
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*ELSET, ELSET=DM 
DMB, DMW, DML ...... "....."*"**............................. 
* *  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY .*. "f.f........."..*.f..........f............. 

,OLD 

*NODE, NSET=RING 
601, 11.7500, 0.0, 34.0670 
621, 11.9330. 0.0, 34.2500 
641, 12.0000. 0.0, 34.5000 
661, 11.9330, 0.0. 34.7500 
681, 11.7500, 0.0. 34.9330 
701, 11.5000, 0.0, 35.0000 
721. 11.2500. 0.0. 34.9330 
741, 11.0670, 0.0, 34.7500 
'NCOPY.SHIFT.MULTIPLE= 12,CHANGE NU= + 1 
0.0. 0.0, 0.0 
0.0.0.0.0.0.0.0. 0.0, 1.0, +15.00 
'ELEMENT. TYPE=S4R 
601,481,482,602,601 
621,601,602,622,621 
721,701, 702,722.721 
761,741,742. 1102, 1101 
*ELGEN, ELSET=RINGl 
601, 12, 1. 1 
621, 12, 1, 1, 5, 20. 20 
'ELGEN, ELSET=RING2 
721. 12, 1, 1, 2, 20, 20 
761, 12, 1, 1 
'ELSET. ELSET=RING 
RING1, RING2 
.SHELL SECTION, ELSET=RINGl. MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2. MATERIAL=ST 
0.35 

.. CLOSING RING BOLT 

'NODE, NSET=BOLT 
1501, 11.500, 0.0. 34.500 
1502. 11.500, 0.5, 34.500 
.ELEMENT, NPE=T3D2, ELSET=BOLT 
1501, 1501, 1502 
.SOLID SECTION, ELSET=BOLT. MATERIAL=BOLl 
0.226 
'MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
'EQUATION 
2 
1501.1.1.0.1502.1.-1 .O 
'EQUATION 
2 
1501.3.1.0.1 502.3,-1 .O 

* *  PAYLOAD 

*NODE, SYSTEM=R 
'NODE 
2001, -4.0, 0.0, 0.024 
2005, 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015, 4.0, 4.0, 0.024 
*NGEN, NSET=LINEC 
2001.2005.1 
'NGEN, NSET=LINED 
2011, 2015, 1 
*NFILL. NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE, NSET=PAYB2 
2021, 7.625, 0.0. 0.024 
2022. 7.1968, 3.1526, 0.024 
2023, 5.9775, 5.9775, 0.024 
2024, 3.1526, 7.1968. 0.024 
2025, 0.0, 7.625. 0.024 
2026, -3.1526, 7.1968. 0.024 

.....** ....................... 

............**...*..I.....**... 

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

.............*..............*. 

SET '=RING,NEW SET =RING 
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'AYE2 

2027, -5.9775, 5.9775. 0.024 
2028, -7.1968, 3.1526. 0.024 
2029. -7.625, 0.0. 0.024 
*NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052. 0.024 

2037, -7.9550, 7.9550, 0.024 
2038. -10.394. 4.3052, 0.024 
2039, -11.25, 0.0, 0.024 
.NSET, NSET=PAYB 
PAYBl, PAYB2, PAY83 
'ELEMENT, TYPE=S4R 
2001,2001.2002.2007.2006 
'ELGEN, ELSET = PAYBl 
2001, 4, 1, 1, 2, 5, 5 

2017,201 1,2027,2028,2006 
2018,2006,2028,2029,2001 
*ELEMENT, TYPE=S4R 
2021,2021. 2031,2032, 2022 
'ELGEN, ELSET = PAY82 
2021. 8, 1, 1 
'ELSET. ELSET=PAYB 
PAYBl, PAY82 
'SHELL SECTION, ELSET = PAYB, MATERIAL = PAYLD 
0.0478 

*NCOPY.SHIFT.CHANGE NU = 100,OLD SET=PAYBB,NEW'SET=PAYWl 
0.0, 0.0. 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=PAYW 
PAY83, PAYWl, 10, lO 
*ELEMENT, TYPE=S4R 
2031.2031, 2041,2042. 2032 
'ELGEN. ELSET=PAYW 
2031, 8, 1, 1, 10, 10, 10  
'SHELL SECTION, ELSET=PAYW, MATERIAL=PAYLD 
0.0478 

*NCOPY,SHIFT,CHANGE NU=POO,OLD SET=PAYB,NEW SET=PAYT 
0.0, 0.0. 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*ELEMENT, TYPE=S4R 
2201,2201,2202,2207,2206 
*ELGEN, ELSET=PAYTl 
2201.4, 1, 1, 2, 5, 5 

..... 

1.f.. 

'ELEMENT, TYPE=S4R 
2221,2221, 2131,2132,2222 
'ELGEN, ELSET=PAYT2 
2221, 8, 1, 1 
TLSET, ELSET=PAYT 
PAYTl, PAYT2 
*ELSET, ELSET=PAY 
PAYB. PAYW, PAY1 
'NSET. NSET=PAY 
PAYB. PAYW, PAYT 
"SHELL SECTION, ELSET=PAYT, MATERIAL=PAYLD 
0.0478 ..... 
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* *  GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  10' X 10' RECTANGULAR HALF SECTION (NO lNFl .. 
'NODE, SYSTEM=R 
'NODE, NSET=Cl 
160001, -60.0, 0.0, -8.0 
'NODE, NSET=CP 
160004, -45.0, 0.0. -8.0 
*NODE, NSET=C3 
160034, 45.0, 0.0, -8.0 
'NODE, NSET=C4 
160037, 60.0, 0.0. -8.0 
*NFILL, NSET=LINEl 
c1, c2. 3 
C2, C3, 30 
c3, c4, 3 
'NCOPY.SHIFT,CHANGE NU - 500,OLD SET=LINEl,NEW SET=LINEP 

SET=LINEP,NEW SET=LINE3 

LINE?, LINES, 6, 50 
*NCOPY,SHIFT,CHANGE NU=2000,OLD SET= CONC1,NEW SET=CONC2 
0.0.0.0. 2.0 
o.o,o.o, 0.0.0.0, 0.0, 1.0, 0.0 
*NCOPY,SHIFT,CHANGE NU E 2000,OLD SET=CONCZ,NEW SET=CONC3 
0.0, 0.0, 2.0 
o.o,o.o, 0.0, o.o,o.o, 1.0,o.o 
*NCOPY,SHIFT,CHANGE NU = 2000,OLO SET=CONCBNEW SET=CONC4 
0.0, 0.0, 2.0 
o.o,o.o, o.o,o.o, 0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONC4,NEW SET=CONC5 
0.0,0.0,2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NSET,NSET=CONCO 
CONCI, CONC2, CONC3, CONC4, CONC5, 

I *  GENERATE THE SOIL NODES 
.. 
.. 
'NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0, 0.0. -50.0 
o.o,o.o, 0.0, 0.0, 0.0, 1.0, 0.0 
'NCOPY, SHIFT, CHANGENU=2000, OLD SET=SOILI, NEW SET=SOILP 
0.0, 0.0, +20.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL2, NEW SET=SOIL3 
0.0, 0.0, + 10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILB, NEW SET=SOIL4 
0.0, 0.0. +10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4. NEW SET=SOIL5 
0.0, 0.0, +5.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 
*NSET,NSET=SOILO 
SOILI, SOIL2, SOlL3, S0114, SOIL5 .. 
* *  GENERATE THE INCLINED IMPACT SURFACES 
1. 

*NCOPY.SHIFT,CHANGE NU =-100000,OLD SET=CONCO.NEW SET=CONC 
12.250, 0.. 17.5 
12.250.0.. 17.5, 12.250, 1.. 17.5AJO.O 
'NCOPYSHIFT, CHANGE NU=-l00000, OLD SET=SOILO, NEW SET=SOIL 
12.250, 0.. 17.5 
12.250.0.. 17.5, 12.250, 1.. 17.5. -90.0 

.* CONCRETE PAD ELEMENT 

.. 
I. 

'ELEMENT. TYPE = C3D8R 
80001, 60001, 60002,60052,60051,62001,62002,62052,62051 
*ELGEN, ELSET=CONCl 
60001,36,1.1,16,50,50 
*ELCOPY,OLO SET=CONCl,NEW SET=CONCZ,ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY,OLD SET=CONCZ,NEW SET=CONC$ELEMENT SH=ZOOO,SHIFT NO=2000 
"ELCOPY,OLD SET=CONCO.NEW SET=CONCCELEMENT SH = 2000,SHIFT NO = 2000 
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"ELSET, ELSET=CONC 
CONCl, CONC2, CONC3, CONC4, 
'SOLID SECTION, ELSET=CONC, MATERIAL= CONCRETE 

**  GENERATE REBARS 

'REBAR.ELEM= CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= LX 
C0NC1.0.60.12.0.0.0.1.0.4.2 
*REBAR,ELEM=CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= LY 

.I 

f.  

C0NC1.0.60,12.0,90.,1.0,4,2 
*REBAR,ELEM =CONTINUUM,MAT= REBAR,GEOM =ISOPARAMETRIC,NAME=UX 
C0NC4.0.60.12.0.0.0.0.0.4.2 
*REBAR.ELEM =CONTINUUM,MAT= REBAR,GEOM =ISOPARAMETRIC,NAME= UY 
C0NC4.0.60,12.0,90..0.0,4,2 
f.  

* *  GENERATE THE SOIL 

*ELCOPY,OLD SET=CONCl,NEW SET=SOILl,ELEMENT SH=20000,SHIFT NO=20000 
'ELCOPY,OLD SET=SOILl,NEW SET=SOILP.ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY,OLD SET=SOILP,NEW SET=SOILB,ELEMENT SH=ZOOO.SHIFT NO=2000 
*ELCOPY,OLD SET=SOILO,NEW SET=SOIL4,ELEMENT SH=2000,SHIFT NO=2000 
*ELEMENT, TYPE=C3D6, ELSET=SOIL5 
*ELEMENT, TYPE=CBDBR 
98001, 88001. 88002,88052, 88051. 60001,60002,60052,60051 
*ELGEN, ELSET=SOILS 
88001. 36, 1, 1, 16, 50, 50 
'ELSET, ELSET=SOIL 
SOILl, SOIL2, SOIL3, 50114, SOIL5 
.SOLID SECTION, ELSET=SOIL, MATERIAL=SOIL 

1. 

........... f....... 
1. 

* *  ASTMA36 

*MATERIAL, NAME=ST 
'ELASTIC 
29.0E6, 0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
'DENSITY 
7.5052E-4 

* *  CLOSING RING BOLT MATERIAL 
'* ASTM A307. GR. C 

.* 

.. 

.. 

.MATERIAL, NAME=BOLT 

.ELASTIC 
29.016, 0.3 
'PLASTIC 
36000.0, 0.0 
60000.0, 0.23 

0.02437 
*material,name = concrete 
* *  4000 PSI CONCRETE 
*density 
1.95S04 
*elastic 
3.6E+06,0.15 
*drUCker piager 
35.1.1.0.35.1 
'drucker prager hardening 
2250.,0.0 
3900.,0.0013 
3000.,0.0024 
2400.,0.0034 
1790.,0.0044 
1180.,0.0054 
800..0.006 
100..0.0061 
.material.name=soil 
"density 
1.647E.04 
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'elastic 
5700..0.35 
*drucker prager 
35.2.0.82.35.2 
*drucker pfaoer hardening 
2.0.0.0 
6.54.0.0055 
8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 

*' REBAR STEEL 

*MATERIAL, NAME=REBAR 
'DENSITY 
7.3484 

.I 

f.  

'ELASTIC 
29.5E6. 0.30 
'PLASTIC 
71 170.. 0.0 
71 626.. 0.004985 
83130.. 0.017098 
96460.. 0.036202 
104728.. 0.0551 13 
109080.. 0.073795 
*"FAILURE 
"0.30. 0.03 

* *  ELEMENT SET DEFINITIONS 

'ELSET.ELSET=ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 

*. NODE SET DEFINITIONS 

'NSET.NSET=ALLND 
DMB, DMW, DML 
RING, BOLT 
PAY, 
'NSET,NSET=YSYMM,GENERATE 
60001,60037.1 
62001.62037.1 
64001.64037.1 
66001.66037.1 
68001.68037.1 
80001.80037.1 
82001.82037.1 
84001.84037.1 
86001.86037.1 

.* 

.. 

.* 

1. 

88001.88037.1 
'NSET,NSET=YSYMM,GENERATE 
1, 7. 1 
41, 53, 12 
61. 73, 12 
81, 93, 12 
101, 501, 20 
11  3, 51 3,20 
613, 693,20 
701,741,20 
713, 753, 20 
1001,1007,1 
1041,1053, 12 
1061. 1073, 12 
1081. 1093, 12 
1101,1113,12 
1501. 1501, 1 
2001,2005,l 
2021.2029.8 
2031, 2131, 10 
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2039,2139,lO 
2201. 2205, 1 
2221.2229,8 
*NSET.NSET =SOILBT,GENERATE 
80001.80837.1 
*NSET,NSET=CONCS.GENERATE 
58001.68837.1 
'BOUNDARY 
YSYMM.YSYMM 
SOILBT.l.3 ...................... 

*. DEFINE THE CONTACT SURFACES BETWEEN 
**  THE DRUM BOTTOM AND TARGET 
f.  

*SURFACE DEFINITION,NAME=CONC4T 
CONC4,SZ 
*SURFACE DEFINITION,NAME=DMOUT,NO THICK 
DMBSNEG 
DMWISNEG 
DMW2,SNEG 
DMW3,SNEG 
RINGSPOS 
DMLSPOS 
*CONTACT PAIR 
CONC4T.DMOUl 
.I 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 
1. 

'SURFACE DEFINITION,NAME=DMINS,NO THICK 
DMBSPOS 
DMWl SPOS 
DMWZSPOS 
DMWBSPOS 
DMW4,SPOS 
RINGZSNEG 
DML,SNEG 
*SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
TONTACT PAIR 
DMINSF'AYOUT 

'NSET.NSET= DMDIS,GENERATE 
.............................. 

61.65.1 
81.86.1 
*ELSET,ELSET= DMBST 
DMBA, 
.ELSET.ELSET= DMWST,GENERATE 
101.106.1 . 
121,126.1 
141.42120 
142.42220 
143.42320 
441,445.1 
461.456.1 
481.486.1 
501,506.1 
'ELSET,ELSET= DMLST,GENERATE 
1061,1066.1 
1081.1 085.1 
'ELSET.ELSET= DMLST 
DMLA, 
*ELSET,ELSET = RINGST,GENERATE 
601.606.1 
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621.626.1 
641,646.1 
661,666.1 
681386.1 

*HISTORY OUTPUT, TIME= 5.E-5 
*NODE HISTORY, NSET=DMDIS 
U, V. A 
'EL HISTORY, ELSET=DMBST 
MISES, 
PEEQ, 
SENER, 
PENER. 
'EL HISTORY, ELSET=DMWST 
MISES, 

PENER, 
'EL HISTORY, ELSET=RINGST 
MISES, 
PEEQ, 
SENER. 
PENER, 
'EL HISTORY, ELSET=BOLTST 
MISES, 
PEEQ. 
SENER. 
PENER, 
*FILE OUTPUT, NUMBER INTERVAI 
*NODE FILE 
RF, 
*MONITOR.NODE= 307,DOF= 1 
'END STEP 

.=loo 
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@ CHECKLIST FOR CHECKING OF ANALYSISKALCULATIONS 
UYIYIC 

Document NumberlRevision: HNF-22091Rev. 0 

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysidcalculation and it is complete and accurate to  the best of my 
knowledge. 

EngineerlChecker Scott Sh iraaa 

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 

Date 09/01 198 
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7.7.1.2 DOT-17H 55-Gal Drum 50-MPH Side Drop. 

.HEADING 
DOT-17H 55 GALLON DRUM, 50 MPH SIDE DROP, FILE=DSDSON 
*RESTART, WRITE, NUMBER INTERVAL= 10 

**  DRUM 
......................... ......................... .. 
* *  GENERATE THE NODES OF DRUM BOTTOM PIATE 

*NODE, SYSTEM=R 
'NODE 
1, -3.6, 0.0, 0.0 
7, 3.6, 0.0, 0.0 
22,-3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
*NGEN, NSET=LINEA 
1.7. 1 
*NGEN, NSET=LINEB 

.. 

..... 
0342, 3.1208, 0.0 

44, 4.5508, 4.5508, 0.0 
45. 3.1208. 5.0342, 0.0 
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*NSET, NSET=DMB 
DME1, DMBZ, OM03 

* *  
" I  

GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 
X. 

*ELEMENT. TYPE=S4R 
1. 1. 2. 9. 8 
'ELGEN, ELSET=DMBA 
1, 6, 1, 1, 3. 7. 6 
"ELEMENT, TYPE=S4R, ELSET=OMEB 
21, 7, 41, 42, 14 
22, 14, 42, 43, 21 
23, 21, 43, 44, 28 
24. 28. 44, 45. 27 
25, 27. 45, 46, 26 
26, 26, 46, 47, 25 
27, 25.  47, 48, 2 4  
28, 24, 48, 49, 23 
29, 23. 49, 50, 22 
30, 22, 50, 51, 15 
31, 15, 51, 52, 8 
32, 8, 52, 53, 1 
41.41.61.62.42 
'ELGEN, ELSET=DMBE 
41, 12, 1, 1. 3, 20. 20 
*ELSET, ELSET=DME 
DMBA. DMBB 
'SHELL SECTION, ELSET=DME, MATERIAL=ST 
0.0478 
I .  

GENERATE THE DRUM CYLINDRICAL WALL 
. I  

'* NODES 

*NCOPY,SHIFT,CHANGE NU =40,OLD SET= DME3,NEW SET= L1 
.f 

0.0, 0.0, 2.0 
o.o,o.o, o.o,o.o, 0.0, 1.0, 0.0 
*NCOPY,SHIFT,CHANGE NU=SOO,OLD SET=Ll,NEW SET=L2 
0.0, 0.0. 30.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 
'NCOPY,SHIFT,CHANGE NU=40,0LD SET=LZ,NEW SET=L3 
0.0, 0.0. 2.0 
o.o,o.o, 0.0, o.o,o.o, 1.0,o.o 
'NFILL, NSET=OMWl 
DM83, L1, 2, 20 
*NFILL, NSET=DMW2 
L1, L2, 15, 20 
*NFILL, NSET=OMW3 
L2, L3. 2, 20 
'NODE. NSET=DMW4 
501, 11.5000, 0.0. 34.5 
701, 11.5000, 0.0, 35.0 
*NCOPY,SHIFT,MULTIPLE= 1 ?,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, f15.00 
*NSET, NSET=DMW 
DMWl, DMWZ, DMW3. DMW4 

* *  ELEMENTS 

'ELEMENT, TYPE=S4R, ELSET=DMWl 
101,101,121,122,102 
*ELGEN, ELSET=DMWl 
101,12, 1, 1,2,20,20 
'ELEMENT, TYPE=S4R, ELSET=OMW2 
141, 141,161,162.142 
*ELGEN, ELSET=DMW2 
141, 12, 1, 1, 15, 20, 20 
'ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441,461,462, 442 
.ELGEN, ELSET=OMW3 
441, 12, 1, 1, 2, 20. 20 
*ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481, 501, 502,482 
501, 501, 701.702, 502 
'ELGEN. ELSET=DMW4 
481, 12, 1, 1 
501, 12. 1. 1 

f.  

I.  
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*ELSET. ELSET=DMW 
DMWl, DMW2, DMW3, DMW4 
*SHELL SECTION, ELSET=DMW, MATERIAL-ST 
0.0478 .. 
* *  

*NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=DMB,NEW SET=DMI 
0.0. 0.0, 34.50 
o.o,o.o,o.o,o.o, 0.0, 1.0, 0.0 
.* MODIFY NODES 
'NODE, NSET=OML 
1101, 10.5000, 0.0, 34.50 
1102. 10.1422, 2.7176, 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176. 10.1422, 34.50 
1107. 0.0, 10.5000, 34.50 
1108. -2.7176. 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
1110, -7.4246, 7.4246, 34.50 
1111, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176. 34.50 
1113. -10.5000, 0.0, 34.50 

GENERATE THE DRUM LID 

GENERATE THE NODES OF DRUM LID 
I. 

.. 

.. 
*ELEMENT, TYPE=S4R 
1001,1001.1002,1009,1008 
'ELGEN, ELSET=DMLA 
1001, 6, 1, 1, 3, 7. 6 
'ELEMENT, TYPE=S4R, ELSET=DMLB 
1021,1007.1041,1042. 1014 
1022,1014. 1042,1043,1021 
1023, 1021. 1043,1044,1028 
1024,1028. 1044,1045,1027 
1025,1027, 1045,1046,1026 
1026, 1026. 1046, 1047, 1025 
1027, 1025. 1047, 1048, 1024 
1028.1024.1048.1049.1023 
1029, 1023, 1049,1050, 1022 
1030, 1022,1050,1051, 1015 
1031, 1015, 1051, 1052. 1008 
1032,1008. 1052,1053, 1001 
*ELEMENT, TYPE=S4R 
1041, 1041, 1061. 1062, 1042 
'ELGEN, ELSET=OMLC 
1041, 12, 1, 1, 2, 20, 20 
*ELEMENT, TYPE=S4R 
1081, 1081, 1101, 1102, 1082 
*ELGEN, ELSET=DMLD 
1081, 12, 1, 1 
'ELSET, ELSET=DML 
DMLA, DMLB, DMLC. DMLD 
'SHELL SECTION, ELSET=DML, MATERIAL=ST 
0.0478 
*NSET, NSET=DM 
DMB, DMW. DML 
'ELSET, ELSET=DM 
DMB, DMW. DML .........*.......... *......I..*............... 

* *  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY ................................ f............. 

'NODE. NSET=RING 
601, 11.7500, 0.0, 34.0670 
621, 11.9330, 0.0. 34.2500 
641. 12.0000, 0.0, 34.5000 
661, 11.9330. 0.0, 34.7500 
681, 11.7500. 0.0, 34.9330 
701, 11.5000, 0.0, 35.0000 
721, 11.2500. 0.0, 34.9330 
741, 11.0670, 0.0. 34.7500 
'NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING,NEW SET=RING 
0.0, 0.0, 0.0 
0.0.0.0. 0.0, 0.0.0.0. 1.0, 1.15.00 
"ELEMENT, TYPE=S4R 
601, 481.482, 602, 601 
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621, 12, 1, 1. 5, 20. 20 
'ELGEN. ELSET=RING2 
721. 12, 1, 1, 2, 20, 20 
761, 12, 1, 1 
*ELSET, ELSET=RING ' 

RING1, RING2 
*SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2, MATERIAL=ST 
0.35 

.* CLOSING RING BOLT 

'NODE, NSET=BOLT 
1501, 11.500, 0.0, 34.500 
1502, 11.500. 0.5, 34.500 
'ELEMENT, TYPE = T3D2, ELSET = BOLT 
1501, 1501, 1502 
'SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 

............*.*........ " . . * I . *  

...I........ t.t...*.".I.1.1.lt 

1501.1.1.0.1502.1.-1 .O 
'EQUATION 
2 
1501.3.1.0.1 5 0 2 3 - 1  .O '. PAYLOAD 

*NODE, SYSTEM=R 
*NODE 
2001, -4.0, 0.0, 0.024 
2005. 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015, 4.0, 4.0, 0.024 
'NGEN, NSET=LINEC 
2001,2005.1 
*NGEN, NSET=LINED 
2011, 2015, 1 
*NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE. NSET=PAYB2 

......*.....I.............. f.. 

..*..........*......*...*.*... 

- .-. , . . . 
2026, -3.1526, 7.1968. 0.024 
2027, -5.9775, 5.9775. 0.024 
2028, -7.1968, 3.1526, 0.024 
2029, -7.625. 0.0, 0.024 
'NODE, NSET=PAY63 
2031, 11.25, 0.0, 0.024 
2032. 10.394, 4.3052, 0.024 
2033, 7.9550, 7.9550, 0.024 
2034. 4.3052, 10.394, 0.024 
2035, 0.0, 11.25, 0.024 
2036, -4.3052, 10.394, 0.024 
2037. -7.9550, 7.9550, 0.024 
2038, -10.394, 4.3052, 0.024 
2039. -11.25, 0.0, 0.024 
.NSET, NSET=PAYB 
PAYBl, PAYB2, PAY63 
'ELEMENT, TYPE=S4R 
2001,2001,2002,2007,2006 
'ELGEN. ELSET=PAYBl 
2001.4.1.1.2.5.5 
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'ELEMENT, TYPE=S4R, ELSET=PAYBZ 
2011,2005,2021,2022,2010 
2012,2010. 2022. 2023, 2015 
2013,2015,2023,2024,2014 
2014,2014,2024,2025.2013 
2015,2013,2025,2026,2012 
2016,2012,2026,2027,201 1 
2017, 2011,2027,2028.2006 . 
201 8, 2006.2028, 2029. 2001 
*ELEMENT, TYPE=S4R 
2021,2021,2031,2032,2022 
*ELGEN, ELSET = PAY82 
2021. 8, 1, 1 
'ELSET, ELSET=PAYB 
PAYBl. PAY62 
'SHELL SECTION, ELSET=PAYB, MATERIAL=PAYLD 
0.0478 

'NCOPY.SHIFT,CHANGE NU = 100,OLD SET=PAYBO,NEW SET=PAYWl 
0.0, 0.0. 33.25 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 
'NFILL, NSET=PAYW 
PAY83, PAYWl, 10,lO 
*ELEMENT, TYPE=S4R 
2031,2031,2041, 2042,2032 
'ELGEN, ELSET= PAYW 
2031, 8, 1, 1, 10, 10, 10 
.SHELL SECTION, ELSET=PAYW, MATERIAL=PAYLD 
0.0478 

.NCOPY,SHIFT,CHANGE NU = 200,OLD SET=PAYB.NEW SET=PAYT 
0.0, 0.0,33.25 
o.o,o.o, o.o,o.o, 0.0. 1.0.0.0 
*ELEMENT, TYPE=S4R 
2201,2201,2202,2207,2206 
'ELGEN, ELSET=PAYTl 
2201.4, 1, 1, 2, 5, 5 
'ELEMENT, TYPE=S4R, ELSET=PAYT2 
2211,2205,2221,2222,2210 
2212,2210.2222.2223.2215 
2213,2215, 2223,2224,2214 
2214. 2214, 2224,2225,2213 
2215,2213,2225,2226, 2212 
2216, 2212.2226, 2227. 2211 
2217.2211.2227.2228.2206 
2218, 2206,2228, 2229, 2201 
'ELEMENT, TYPE=S4R 
2221, 2221,2131,2132, 2222 
'ELGEN, ELSET = PAYT2 
2221.8. 1, 1 
'ELSET, ELSET=PAYT 
PAYTl, PAYT2 
*ELSET, ELSET=PAY 
PAYB, PAYW, PAYT 
*NSET, NSET=PAY 
PAYB. PAYW. PAYT 
.SHELL SECTION, ELSET=PAYT, MATERIAL=PAYLD 
0.0478 

..... 

...I. 

...I. 

* *  GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  10' X 10' RECTANGULAR HALF SECTION (NO INFI .. 
*NODE, SYSTEM=R 
.NODE, NSET=Cl 
160001, -60.0, 0.0, -8.0 
*NODE, NSET=C2 
160004, -45.0, 0.0, -8.0 
'NODE. NSET=C3 
160034. 45.0, 0.0. -8.0 
'NODE, NSET=C4 
160037, 60.0, 0.0, -8.0 
'NFILL, NSET=LINEl 
c1, c2, 3 
C2, C3, 30 
c3, c4, 3 
*NCOPY,SHIFT,CHANG~ NU=SOO,OLD SET=LINEl,NEW SET=LINE2 
0.0. 30.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
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*NCOPY,SHIFT,CHANGE NU = 300,OLD SET=LINEP,NEW SET= LINE3 
0.0, 30.0, 0.0 

*NFILL. NSET=CONCl 
LINEl, LINES. 10, 50 
LINE2. LINE3, 6, 50 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCl .NEW SET=CONC2 

o.o,o.o,o.o.o.o,o.o, 1.0,o.o 

0 0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 

0.0, 0.0, 2.0 
o.o,o.o, o.o,o.o, 0.0. 1.0,o.o 

*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCP.NEW SET=CONCB 

*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCI,NEW SET= CONC4 
0 0  0 0  2.0 
0.0; 0.0; o.o,o.o, 0.0. 1.0,o.o 
*NCOPY.SHIFT.CHANGE NU = 2000,OLD SET=CONCQ,NEW SET= CONC5 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
:NSET,NSET=CONCO 
CONCl, CONCZ, CONC3, CONC4, CONC5, .. 

GENERATE THE SOIL NODES 
I. 

*NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0. 0.0, -50.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY. SHIFT. CHANGE NU=2000, OLD SET=SOILl, NEW SET=SOILP 
0.0, 0.0. +20.0 
0.0.0.0.0.0.0.0.0.0, 1.0,o.o 

0.0, 0.0. + 10.0 
o.o,o.o, 0.0.0.0.0.0, 1.0, 0.0 
*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL3, NEW SET=SOIL4 
0.0, 0.0, + 10.0 
o.o,o.o, o.o,o.o, 0.0, 1.0, 0.0 
.NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOIL5 
0.0, 0.0. +5.0 
0.0.0.0.0.0. o.o,o.o, 1.0,o.o 

*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILP, NEW SET=SOIL3 

*NSET,NSET=SOILO 
SOILl. SOIL2, SOIL3. SOIL4, SOIL5 .. 

GENERATE THE INCLINED IMPACT SURFACES .* 
'NCOPY,SHIFT,CHANGE NU =-100000,OLD SET=CONCO,NEW SET=CONC 
12.250, 0.. 17.5 
12.250.0.. 17.5, 12.250. 1.. 17.5,-90.0 
'NCOPY.SHIFT. CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.250, 0.. 17.5 
12.250, 0.. 17.5, 12.250, 1.. 17 5, -90.0 

* *  CONCRETE PAD ELEMENT 

'ELEMENT. TYPE=CBDIR 
60001, 60001, 60002, 60052, 60051, 62001,62002,62052.62051 
*ELGEN. ELSET=CONCl 
60001, 36, 1, 1, 16, 50, 50 
'ELCOPY.OL0 SET= CONCl ,NEW SET=CONCZ,ELEMENT SH = 2000,SHIFT 
'ELCOPY,OLD SET= CONC2,NEW SET=CONCB,ELEMENT SH = 2000,SHIFT 
*ELCOPY,OLD SET=CONCB,NEW SET= CONC4,ELEMENT SH = 2000,SHIFT 

.I .. 

NO=2000 
NO=2000 
NO = 2000 

'ELSET, ELSET=CONC 
CONCl. CONC2, CONC3. CONC4, 
*SOLID SECTION, ELSET= CONC, MATERIAL= CONCRETE 
1). 

.* GENERATE REBARS .. 
*REBAR,ELEM = CONTINUUM,MAT = REBAR.GEOM = ISOPARAMETRIC,NAME= LX 
CONCl.O.6O.12.0.0.0.1.0.4.2 
'REBARELEM =CONTINIJUM,MAT=REBAR,GEOM = ISOPARAMETRIC.NAME= LY 
CONC1,0.60,12.0,90.,1.0,4,2 
'REBAR.ELEM = CONTINUUM.MAT= REBAR,GEOM = ISOPARAMETRIC,NAME= UX 
CONC4.0.60.12.0.0.0.0.0.4.2 
*REBAR,ELEM = CONTINUUM,MAT=REBAR,GEOM= ISOPARAMETRIC,NAME= UY 
CONC4,0.60,12.0,90.,0.0,4.2 

**  GENERATE THE SOIL 
.f .. 
"ELCOPY,OLD SET=CONCl,NEW SET=SOILl.ELEMENT SH=20000,SHIFT NO=ZOOOO 
*ELCOPY,OLD SET=SOILl,NEW SET=SOILP,ELEMENT SH=2000,SHIFT NO=2000 
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*ELCOPY,OLD SET=SOILZ.NEW SET=SOILB,ELEMENT SH=2000,SHIFT NO=2000 
*ELCOPY,OLD SET=SOIL3,NEW SET=SOIL4,ELEMENT SH=2000,SHIFT NO=2000 
"ELEMENT, TYPE=C3D6. ELSET=SOIL5 
"ELEMENT, TYPE=C3D8R 
88001,88001, 88002,88052,88051,60001,60002,60052,60051 
.ELGEN. ELSET=SOILS 
88001. 36, 1, 1, 16, 50, 50 
"ELSET, ELSET=SOIL 
SOILl, SOIL2, SOIL3. SOIL4, SOIL5 
'SOLID SECTION, ELSET=SOIL, MATERIAL=SOIL 
.............I X.1.. 

1. 

ASTM A36 .. 
*MATERIAL, NAME=ST 
'ELASTIC 
29.086.0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.5052E-4 
*FAILURE 
0.30, 0.25 .. 

CLOSING RING BOLT MATERIAL 
**  ASTM A307. GR. C 
f.  

'MATERIAL, NAME=BOLT 
'ELASTIC 
29.0E6. 0.3 
.PLASTIC 
36000.. 0. 
60000.. 0.23 
30000., 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.5052E-4 
*FAILURE 
0.30, 0.25 
*MATERIAL, NAME=PAYLO 
'ELASTIC 
29.086. 0.3 
'DENSITY 
0.02437 
'matsris1,name = concrete 
* *  4000 PSI CONCRETE 
*density 
1.95E.04 
*elaStio 
3.68+06,0.15 
'drucker prager 
35.1.1.0.35.1 
'drucker prager hardening 
2 2 5 0 ., 0.0 
3900..0.0013 
3000..0.0024 
2400..0.0034 
1790.,0.0044 
1180..0.0054 
800..0.006 
100.,0.0061 
'materis1,name = soil 
'density 
1.647E.04 
'elastic 
5700..0.35 
'drucker prager 
35.2.0.82.35.2 
'drucker prager hardening 
2.0.0.0 
6.54.0.0055 
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8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 .. 

REBAR STEEL 
f. 

*MATERIAL, NAME=REBAR 
'DENSITY 
7.341-4 
*ELASTIC 
29.586. 0.30 
'PLASTIC 
71170.. 0.0 
71626.. 0.004985 
83130,. 0.017098 
96460.. 0.036202 
104728.. 0.0551 13 
109080.. 0.073795 
*'*FAILURE 
"0.30. 0.03 

* *  ELEMENT SET DEFINITIONS 
.I 

.I 

NODE SET DEFINITIONS .. 
'NSET,NSET=ALLNO 
DMB, DMW, DML 
RING, BOLT 
PAY. 
*NSET,NSET= YSYMM,GENERATE 
60001.60037.1 
62001,62037.1 
64001.64037.1 
66001.66037.1 
68001.68037.1 

82001.82037.1 
84001.84037.1 
86001,86037.1 
88001.88037.1 
*NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81.93, 12 
101,501.20 
113, 513, 20 
613. 693, 20 
701, 741, 20 
713, 753, 20 
1001,1007,1 
1041, 1053, 12 
1061. 1073, 12 
1081,1093,12 
1101,1113,12 
1501, 1501, 1 
2001, 2005, 1 
2021.2029.8 
2031, 2131, 10 
2039, 2139, 10 
2201,2205,l 
2221.2229.8 
*NSET,NSET=SOILBT,GENERATE 
80001,80837.1 
'NSET,NSET=CONCS,GENERATE 
68001.68837.1 

8oooi .aoo37.i 
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'BOUNDARY 
YSYMM,YSYMM 
SOILBT,l,3 

'INITIAL CONDITIONS,TYPE = VELOCITY 
ALLNO.l.880.0 
*STEP 
*DYNAMIC,EXPLICIT 
20.OE-03 

.I...*.....*.... " * I . . .  

L. 

*' 
* *  

DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM BOTTOM AND TARGET .. 

'SURFACE DEFINITION,NAME=CONC4T 
CONC4,S2 
*SURFACE DEFINITION,NAME=CONC3T 
CONC3,SZ 
'SURFACE DEFINITION,NAME=CONC2T 
CONC2,S2 
'SURFACE DEFINITION.NAMErCONC1 T 
CONC1,SZ 
*SURFACE DEFINITION.NAME= DMOUT,ND THICK 
DMBSNEG 
DMW1,SNEG 
DMW2,SNEG 
DMW3,SNEG 
RINGSPOS 
DMLSPOS 
TONTACT PAIR 
CONC4T.DMOUT 
CONC3T.DMOUT 
CONC2T.DMOUT 
CONC1T.DMOUT .. 
'* 
* I  

DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM INSIDE AND PAYLOAD OUTSIDE .. 

*SURFACE DEFINITION,NAME= DMINS.NO THICK 
DMBSPOS 
DMW1,SPOS 
DMWZSPOS 
DMWSSPOS 
DMW4,SPOS 
RINGZSNEG 
DMLSNEG 
*SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
'CONTACT PAIR 
DMINS,PAYOUT 

'NSET,NSET= DMDIS,GENERATE 
4.4.1 
1004.1004.1 
101.113.3 
301,313.3 
541.553.3 
*ELSET,ELSET= DMBST,GENERATE 
61.66.1 
81.86.1 
'ELSET,ELSET= DMBST 
DMBA, 
*ELSET.ELSET = DMWST,GENERATE 
101.106.1 
121.126.1 
141.421.20 
142.42220 
143.423.20 
441,446.1 
461,466.1 
481.486.1 
501.506.1 
*ELSET,ELSET= DMLST,GENERATE 
1061,1086.1 
1081.1086.1 
*ELSET.ELSET=DMLST 
DMLA, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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'ELSET,ELSET= RINGST,GENERATE 
601,606.1 
621.626.1 
641,646.1 
661.666.1 
681,686.1 
701.706.1 
721.726.1 
741.746.1 
761.766.1 
'ELSET.ELSET= BOLTST,GENERATE 
1501,1501.1 

'HISTORY OUTPUT, TIME=0.5E-5 
'NODE HISTORY, NSET=DMDIS 
U. V. A 
'EL HISTORY. ELSET=DMBST 
MISES. , 
PEEQ, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMWST 
MISES, 
PEEO, 
SENER, 
PENER, 
'EL HISTORY, ELSET=DMLST 
MISES. 
PEEO, 
SENER, 
PENER. 
'EL HISTORY, ELSET=RINGST 
MISES, 
PEEO, 
SENER, 
PENER. 
.EL HISTORY, ELSET=BOLTST 
MISES, 
PEEQ, 
SENER, 
PENER, 
'FILE OUTPUT, NUMBER INTERVAL=lOO 
"NODE FILE 
RF. 
*MONITOR,NODE= 307,DOF= 1 
.END STEP 

*..........I. fl......""."..... 
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@ 
Iocument Number/Revision: HNF-2209lRev. 0 

Iocument Title: 

CHECKLIST FOR CHECKING OF ANALYSlSlCALCULATlONS 
IUTW 

DOT-17H 55 Gallon Drum 50 MPH Side DroD 

NIA 

I 1  

[XI 

[ I  

[XI 

[ I  

[XI 

11 

[ I  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysislcalculation and it is complete and accurate to  the best of my 
knowledge. 

EngineerlChecker Scott Sh Date 09101 198 

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 
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7.7.1.3 DOT-17H 55-Gal Drum 4-Ft Topcorner Drop. 

'UFbnlMc . .- ._ .. ._ 
DOT-17H 55 GALLON DRUM, 4-FT TOP CORNER DROP, FlLE=DTCO4N 
VELOCITY = 192.6 IPS110.94 MPH 
TESTART, WRITE, NUMBER INTERVAL= 10 ......................... 
* *  DRUM *.... f . . . . . . .*I*."*I**. .*  

I ) .  

* *  

'NODE, SYSTEM=R 
.NODE 
1, -3.6, 0.0, 0.0 
7, 3.6, 0.0. 0.0 
22, -3.8, 3.8, 0.0 
28, 3.6, 3.6, 0.0 
.NGEN, NSET=LINEA 

GENERATE THE NODES OF DRUM BOTTOM PLATE 
1. 

.NODE, NSET='DMBP 

48. -1.5872, 5.3380, 0.0 
49, -3.1208, 5.0342, 0.0 
50, -4.5508, 4.5508, 0.0 
51, -5.0342, 3.1208, 0.0 

69, -3.8417, 6.4683, 0.0 
70, -5.5016, 5.5016, 0.0 
71, -8.4683, 3.8417, 0.0 
72. -7.0780. 1.9745. 0.0 
73, -7.2833. 0.0. 0.0 
81, 9.6000, 0.0, 0.0 
82, 9.2729, 2.4847. 0.0 
83, 8.3138, 4.8000, 0.0 
84, 6.7882, 6.7882, 0.0 
85. 4.8000, 8.3138, 0.0 
86, 2.4847. 9.2729, 0.0 
87. 0.0, 9.6000, 0.0 
88. -2.4847. 9.2729. 0.0 
89. -4.8000. 8.3138, 0.0 
90, -6.7882. 6.7882, 0.0 
91, -8.3138, 4.8000, 0.0 
92, -9.2729, 2.4847, 0.0 
93, -9.6000, 0.0, 0.0 
'NODE, NSET=DMBB 
101, 11.5000, 0.0, 0.0 

111, -9.9593. 5.7500. 0.0 
112,-11.1081. 2.9764, 0.0 
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113,-11.5000. 0.0. 0.0 
*NSET, NSET=DMB 
DMBI, DMB2, DMB3 

* *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 
.* .. 
*ELEMENT, TYPE=S4R 
1, 1,2. 9. 8 
'ELGEN, ELSET=DMBA 
1.6.1.1.3.7.6 
.ELEMENT, TYPE=S4R, ELSET=DMBB 
21. 7,41,42. 1 4  
22, 14, 42. 43, 21 
23, 21, 43,44, 28 
24. 28. 44, 45, 27 
25, 27. 45, 46, 26 
26, 26, 46, 47, 25 
27, 25. 47, 48, 24 
28, 24, 48.49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51, 15 
31, 15, 51, 52, 8 
32, 8, 52, 53, 1 
41,41, 61, 62.42 
*ELGEN, ELSET=DMBB 
41, 12, 1, 1, 3, 20. 20 
*ELSET, ELSET=DMB 
DMBA, DMBB 
*SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 .. 

GENERATE THE DRUM CYLINDRICAL WALL 
1. 

* *  NODES 

*NCOPY,SHIFT.CHANGE NU =40,OLD SET=DMBI,NEW SET=Ll 
1. 

0.0.0.0. 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU =300,OLD SET=Ll,NEW SET=L2 
0.0. 0.0, 30.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY.SHIFT.CHANGE NU=4O,OLD SET=LZ,NEW SET=L3 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=DMWl 
DMB3. L1, 2, 20 
'NFILL, NSET=DMW2 
L1, L2, 16. 20 
*NFILL, NSET=DMWB 
L2, L3, 2, 20 
'NODE, NSET=DMW4 
501, 11.5000, 0.0, 34.5 
701, 11.5000, 0.0, 35.0 
*NCOPY,SHIFT,MULTIPLE=l2,CHANGE NU= +l,OLO SET=DMW4,NEW SET=DMW4 
0.0, 0.0. 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0. +15.00 
*NSET, NSET=DMW 
DMW1, DMW2. DMW3, DMW4 

**  ELEMENTS 

'ELEMENT, TYPE=S4R, ELSET=DMWl 
101.101.121.122.102 

.. 

.. 

*ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2, 20, 20 
.ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481, 501, 502,482 
501, 501, 701, 702. 502 
"ELGEN, ELSET=DMW4 
481, 12, 1, 1 
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501, 12, 1, 1 
"ELSET, ELSET=DMW 
DMWI, DMWZ, DMW3, DMW4 
'SHELL SECTION, ELSET=DMW. MATERIAL=ST 
0.0470 

* *  GENERATE THE NODES OF DRUM LID 

'NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=OMB.NEW SET=DML 
0.0, 0.0, 34.50 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*' MODIFY NODES 
'NODE. NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102, 10.1422, 2.7176, 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246. 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176. 10.1422, 34.50 
1107, 0.0. 10.5000, 34.50 
1100, -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
1110, -7.4246, 7.4246. 34.50 
11 11, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176, 34.50 
1113,-10.5000. 0.0. 34.50 

GENERATE THE DRUM LID 

.* 

f.  

.. 

. I  

'ELEMENT, TYPE=S4R 

*ELGEN, ELSET=DML4 
1001, 6, 1. 1, 3, 7. 6 
'ELEMENT, TYPE=S4R, ELSET=DMLB 
1021, 1007, 1041,1042,1014 
1022,1014,1042,1043,1021 
1023,1021,1043,1044, 1020 
1024.1020,1044,1045,1027 
1025, 1027, 1045,1046,1026 
1026, 1026, 1046,1047,1025 
1027, 1025, 1047,1048,1024 
1020, 1024, 1048,1049,1023 
1029, 1023, 1049, 1050. 1022 
1030, 1022, 1050, 1051, 1015 
1031,1015,1051,1052,1000 
1032, 1000. 1052,1053, 1001 
*ELEMENT, TYPE=S4R 
1041, 1041, 1061, 1062,1042 
'ELGEN. ELSET=DMLC 
1041, 12, 1. 1. 2. 20. 20 
'ELEMENT, TYPE=S4R 
1001,1001,1101,1102,1002 
'ELGEN. ELSET=DMLD 
1001,12, 1.1 
'ELSET. ELSET=DML 
DMLA. DMLB, DMLC, DMLD 
*SHELL SECTION, ELSET=DML, MATERIAL=ST 
0.0470 
'NSET, NSET=DM 
DMB, DMW, DML 
*ELSET, ELSET=DM 
DMB, DMW, DML 
.....*...........*.t....*....tt.l.lt ""*. 
* f  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY .............*.......*...*....*..*... "..*.**"* 
'NODE, NSET-RING 
601, 11.7500. 0.0. 34.0670 
621. 11.9330, 0.0, 34.2500 
641, 12.0000, 0.0, 34.5000 
661, 11.9330, 00, 34.7500 
601, 11.7500, 0.0, 34.9330 
701, 11.5000. 0.0, 35.0000 
721, 11.2500, 0.0, 34.9330 
741 11.0670. 0.0, 34.7500 
*N&~Y,SHIFT,MULTIPLE=~~,CHANGE NU = + 1,OLD SET=RING,NEW SET 
0.0, 0.0,o.o 
0.o.0.0.0.0.0.0.0.0. 1.0, t15.00 

1001,1001,1002,1009,1000 

"ELEMENT. TYPE=S4R 
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761, 12, 1, 1 
'ELSET. ELSET=RING 
RINGl, RING2 
'SHELL SECTION, ELSET=RINGl , MATERIAL = ST 
0.50 
*SHELL SECTION, ELSET=RING2, MATERIAL=Sl 
0.35 .............................. .............................. CLOSING RING BOLT 

*NODE, NSET=BOLT 
1501, 11.500, 0.0. 34.500 
1502, 11.500, 0.5, 34.500 
.ELEMENT, TYPE=TSDZ, ELSET=BOLT 
1501, 1501, 1502 
*SOLID SECTION, ELSET=BOLT. MATERIAL=BOLT 
0.226 
*MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
'EQUATION 
7 
1501.1.1.0.1 502.1.-1 .O 
*EQUATION 
2 
1501.3.1.0.1502.3.-1 .O .............................. 
* *  PAYLOAD .............................. 
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2001.4.1.1.2.5.5 
*ELEMENT, TYPE=S4R, ELSET=PAYBZ 
2011. 2005, 2021, 2022. 2010 
2012,2010,2022,2023,2015 
2013,2015,2023,2024.2014 
2014. 2014,2024,2025,2013 
2015,2013,2025,2026.2012 
2016,2012,2026,2027.2011 
2017,201 1,2027,2028,2006 
2018, 2006, 2028. 2029. 2001 
*ELEMENT. TYPE=S4R 
2021,2021,2031.2032.2022 
'ELGEN, ELSET = PAY82 
2021.8. 1, 1 
'ELSET. ELSET=PAYB 
PAY01 PAY02 
*SHELi SECTION, ELSET=PAYB, MATERIAL=PAYLD 
0.0478 

*NCOPY,SHIFT,CHANGE NU= 100,OLO SET=PAYEI.NEW SET 
0.0.0.0. 33.25 
o.o,o.o, 0.0, o.o,o.o, 1.0.0.0 

. I . . .  

'NFILL, NSET=PAYW 
PAY03, PAYWl, 10.10 
*ELEMENT, TYPE=S4R 
2031,2031,2041.2042.2032 
*ELGEN, ELSET=PAW 
2031 8, 1, 1, 10, 10. 10  

0.0478 

*NCO~Y,SHIFT,CHANGE NU = 200,OLO SET=PAYB,NEW SET' 
0.0, 0.0. 33.25 
o.o,o.o, o.o,o.o, 0.0, 1.0. 0.0 

2201. 2201. 2202, 2207,2206 

*SH~LL SECTION, ELSET= PAYW. MATERIAL=PAYLD ..... 
*ELEMENT, TYPE=S4R 

'ELGEN, ELSET = PAYTl 
2201. 4, 1, 1, 2. 5. 5 
*ELEMENT, TYPE=S4R, ELSET=PAYT2 
2211,2205.2221.2222.221~ 
2212,2210,2222,2223,2215 
2213,2215, 2223, 2224. 2214 

, 2214. 2214,2224,2225,2213 
2215, 2213.2225.2226.2212 

, 2216. 2212,2226, 2227. 2211 
2217.2211.2227.2228.2206 
2218, 2206, 2228, 2229. 2201 
'ELEMENT, TYPE=S4R 
2221,2221,2131,2132.2222 
'ELGEN, ELSET=PAYTL 
2221.8. 1, 1 
.ELSET, ELSET=PAYT 
PAYTl. PAYT2 
'ELSET, ELSET=PAY 
PAYB. P A W .  PAYT 
'NSET. NSET=PAY 
PAY0 P A W  PAYT 

0.0478 

* *  GENERATE THE ELEMENTS OF CONCRETE PAD 

*SHELL S E C ~ O N ,  ELSET=PAYT, MATERIAL=PAYLD ..... 
.* 10' x lo' RECTANGULAR HALF SECTION (NO INF) 

*NODE, SYSTEM=R 
*NODE, NSET=Cl 
160001, -50.0, 0.0, -8.0 
'NODE, NSET=C2 
160004. -45.0, 0.0. -8.0 

.. 

=PAYWl 

=PAY T 

*NODE, NSET=C3 
160034, 45.0, 0.0, -8.0 
*NODE, NSET=C4 
160037, 60.0, 0.0. -8.0 
.NFILL, NSET=LINEl 
Cl. c2.3 
C2, C3, 3 0  
c3, c4, 3 
*NCOPY,SHIFT,CHANGE NU= 
0.0, 30.0, 0.0 

50C I.OL0 SET '=LINEl,NEW SET=LINEP 
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0.0.0.0.0.0.0.0.0.0, 1.0.0.0 

o.o,o.o, o.o,o.o, 0.0, 1.0, 0.0 

*NCOPY,SHIFT,CHANGE NU = 300,OLO SET=LINE2,NEW SET=LINE3 
0.0. 30.0, 0.0 

'NFILL, NSET=CONCl 
LINE1, LINE2, 10, 50 
LINE?, LINE% 6, 50 
*NCOPY,SHIFT,CHANGE NU =2000,OLD SET= CONCl ,NEW SET=CONC2 
0.0, 0.0, 2.0 
0.0, 0.0, 0.0, o.o,o.o, 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET= CONC2,NEW SET = CONC3 
0.0.0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0.0.0, 2.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 

0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

' 

.NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCB,NEW SET= CONC4 

*NCOPY,SHIFT,CHANGE NU = 2000,OLO SET=CONC4,NEW SET-CONCB 

'NSET,NSET= CONCO 
CONCl, CONC2, CONC3, CONC4, CONC5, .. 
* *  GENERATE THE SOIL NODES 

.NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0, 0.0, -50.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY. SHIFT, CHANGE NU-2000. OLD SET=SOILl. NEW SET=SOILZ 
0.0, 0.0. +20.0 
o.o,o.o, 0.0.0.0.0.0, 1.0.0.0 

0.0. 0.0, + 10.0 
o.o,o.o, 0.0.0.0, 0.0, 1.0, 0.0 

1. 

*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILZ, NEW SET=SOILI 

*NCOPY. SHIFT, CHANGE NU=2000, OLD SET=SOIL3. NEW SET=SOIL4 
0.0, 0.0, +10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOIL5 

* *  

'NCOPY.SHIFT,CHANGE NU =-10000O,OLO SET=CONCO.NEW SET=CONC 

12.000. 0.. 34.8, 12.000, 1.. 34.8,-146.31 
*NCOPY,SHIFT, CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.000. 0.. 34.8 
12.000. 0.. 34.8, 12.000. 1.. 34.8,-146.31 

'* CONCRETE PAD ELEMENT 

'ELEMENT, TYPE = C308R 
60001, 60001, 60002, 60052, 60051, 62001.62002.62052.62051 
*ELGEN, ELSET=CONCl 
60001, 36, 1, 1, 16, 50, 50 
*ELCOPY,OLO SET=CONCl.NEW SET=CONCZ.ELEMENT SH=2000,SHIFT NO=2000 
*ELCOPY,OLO SET=CONCZ,NEW SET=CONCI,ELEMENT SH = 2000,SHIFT NO = 2000 
*ELCOPY,OLD SET=CONCI,NEW SET=CONC4,ELEMENT SH=2000,SHIFT NO=2000 
*ELSET, ELSET=CONC 
CONCl, CONC2, CONC3, CONC4. 
'SOLID SECTION, ELSET=CONC, MATERIAL=CONCRETE 

+*  GENERATE REBARS 

'REBAR,ELEM =CONTINUUM,MAT= REBARGEOM = ISOPARAMETRIC.NAME= LX 
C0NC1.0.60.12.0.0.0.1.0.4.2 
'REBAR,ELEM = CONTINUUM,MAT = REBARGEOM = ISOPARAMETRIC.NAME= LY 
CONCl,O.6O.12.0,90..1.0.4,2 
'REBAR,ELEM = CONTINUUM,MAT= REBAR.GEOM = ISOPARAMETRIC,NAME= UX 
C0NC4.0.60.12.0.0.0.0.0.4.2 
'REBAR,ELEM = CONTINUUM.MAT= REBAR,GEOM =ISOPARAMETRIC,NAME=UY 
C0NC4,0.60,12.0,90.,0.0.4,2 

GENERATE THE INCLINED IMPACT SURFACES .. 
i2.00o. 0.. 34.8 

I .  

.I 

.. 

.. 

.. 
I* GENERATE THE SOIL 

'ELCOPY.OL0 SET=CONCl,NEW SET=SOILl,ELEMENT SH = 20000,SHIFT NO = 20000 
1. 
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.ELCOPY.OLO SET=SOILl,NEW SET=SOILZ,ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY,OLD SET=SOILZ,NEW SET=SOILI.ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY,OLD SET=SOILI,NEW SET=SOILbELEMENT SH=2000.SHIFT NO=2000 
*ELEMENT, TYPE=C3D6, ELSET=SOIL5 
'ELEMENT, TYPE-C3D8R 
88001,88001,88002, 88052, 88051,60001,60002 
*ELGEN. ELSET = SOIL5 
88001, 36, 1, 1, 16, 50, 50 
*ELSET, ELSET=SOIL 
SOLI,  SOIL2, SOIL3, SOIL4, SOIL5 
'SOLI0 SECTION, ELSET=SOIL, MATERIAL=SOIL ......... *...***".. .. 
* *  ASTM A36 

'MATERIAL, NAME=ST 
'ELASTIC 
29.0E6, 0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.5052E-4 
*FAILURE 
0.30, 0.25 

.. 

.I 

CLOSING RING BOLT MATERIAL 
* *  ASTM A307, GR. C .. 

30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.5052E-4 
'FAILURE 
0.30, 0.25 
'MATERIAL, NAME=PAYLD 
*ELASTIC 
29.016. 0.3 
'DENSITY 
0.02437 
*maferial.name =concrete 
**  4000 PSI CONCRETE 
*density 
1.95E-04 
*elastic 
3.68+06.0.15 
*drucker prager 
35.1.1.0.35.1 
*drucker prager hardening 
2250.,0.0 
3900.,0.0013 
3000.,0.0024 
2400.,0.0034 
1790.,0.0044 
11 80.,0.0054 
800.,0.006 
100.,0.0061 
.maferial.name = so11 
'density 
1.647804 
-ela*tlc 
5700.,0.35 
'drucker prager 
35.2.0.82.35.2 
"drucker prager hardening 
2.0.0.0 

,60052, 60051 
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6.54.0.0055 
8.64.0.01 56 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 
.I 

REBAR STEEL 
I. 

' 'MATERIAL, NAME=REBAR 
.DENSITY 
7.341-4 
'ELASTIC 
29.5E6.0.30 
'PLASTIC 
71170.. 0.0 
71626.. 0.004985 
83130.. 0.017098 
96460.. 0.036202 
104728.. 0.0551 13 
109080.. 0.073795 
**'FAILURE 
.+0.30, 0.03 

f. ELEMENT SET DEFINITIONS 
.. 
1. 

*. NODE SET DEFINITIONS 

'NSET,NSET=ALLND 
DMB, DMW. DML 
RING, BOLT 

I .  

68001,68037.1 
80001.80037.1 
82001.82037.1 
84001,84037.1 
86001,86037.1 
88001.88037.1 
*NSET,NSET=YSYMM,GENERATE 
1, 7. 1 
41. 53, 12 
61, 73. 12 
81.93, 12 
101. 501, 20 
113, 513.20 
613, 693. 20 
701, 741. 20 
713, 753, 20 
1001, 1007,l 
1041,1053, 12 
1061, 1073, 12 
1081, 1093, 12 
1101, 1113, 12 
1501, 1501, 1 
2001.2005.1 
2021.2029.8 
2031, 2131, 10 
2039,2139, 10 
2201,2205. 1 
2221, 2229.8 
*NSET,NSET = SOILBT,GENERATE 
80001,80837.1 
*NSET,NSET= CONC5,GENERATE 
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68001.68837.1 
*BOUNDARY 
YSYMM,YSYMM 
SOILBT.1.3 

*INITIAL CONDITIONS,TYPE=VELOCITY 
ALLND.1.106.84 
ALLND.3.160.25 
'STEP 

,20.0E-03 

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

*DYNAMIC,EXPLICIT 

f. 

*. DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM BOTTOM AND TARGET 

'SURFACE DEFINITION,NAME= CONC4T 
CONC4,SZ 
'SURFACE DEFINITION,NAME=DMDUT,NO THICK 
DMBSNEG 
DMW1,SNEG 
DMW2,SNEG 
DMW3,SNEG 
RINGSPOS 
DMLSPOS 
'CONTACT PAIR 
CONC4T.DMOUT 

**  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

.. 

.* 

.. 
'SURFACE DEFINITION,NAME= DMINSNJ THICK 
DMBSPOS 
DMW1,SPOS 
DMW2,SPOS 
DMW3,SPDS 
DMW4,SPOS 
RING2.SNEG 

PAYB,SNEG 
PAYWSNEG 
PAYTSPOS 
TONTACT PAIR 
DMINS,PAYOUT .............................. 
'NSET,NSET= DMDIS,GENERATE 
4.4.1 
1004,1004,l 
661.661.1 

8136.1 
*ELSET.ELSET= DMBST 

142.42220 
143.423.20 
441.446.1 
461.466.1 
481,486.1 
501,506.1 
'ELSET,ELSET = DMLST,GENERATE 
1061.1066.1 
1081,1086.1 
.ELSET,ELSET= DMLST 
DMLA, 
*ELSET,ELSET =RINGST.GENERATE 
601.606.1 
621.626.1 
641,646.1 
661.666.1 
681.686.1 
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701.706.1 
721.726.1 
741.746.1 
761.766.1 
*ELSET.ELSET = BOLTST,GENERATE 
1501.1 501.1 ....*...... *...*...*....**.... 
'HISTORY OUTPUT, TIME= 1 .OE-4 
*NODE HISTORY, NSET=DMDIS 
u, v. A 
'EL HISTORY, ELSET=DMBST 
MISES, 
PEEO, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMWSl 
MISES, 
PEEO, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMLST 
MISES. 
PEEQ, 
SENER, 
PENER, 
*EL HISTORY, ELSET=RINGST 
MISES, 

SENER, 
PENER, 
*FILE OUTPUT, NUMBER INTERVAL= 100 
'NODE FILE 
RF. 
*MONITOR,NODE=307,DOF= 3 
*END STEP 
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CHECKLIST FOR CHECKING OF ANALYSlSlCALCULATlONS 
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11 

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysislcalculation and it is complete and accurate to  the best of my 
knowledge. 

EngineerlChecker Scott Shiraaa v -  

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and anached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 

Date 09/01/98 ., 

87-102 



HNF-2209, Rev. 0 

7.7.1.4 55-Gal DrumlSO-Mil Wall Thickness 4-Ft Top-Corner Drop. 

* *  DRUM ..........*.............* .. 
* f  GENERATE THE NODES OF DRUM BOTTOM PLATE 

'NODE, SYSTEM=R 
'NODE 
1, -3.6, 0.0, 0.0 
7, 3.6, 0.0. 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
'NGEN. NSET=LINEA 
1.7. 1 
'NGEN, NSET=LINEB 
22, 28, 1 
*NFILL, NSET=DMBl 
LINEA, LINES, 3, 7 
*NODE. NSET=DMB2 

1. 
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112,-11.1081. 2.9764, 0.0 
11 3, -1 1.5000, 0.0, 0.0 
*NSET, NSET=DMB 
DMB1, DMB2, DMBB 

+ *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

'ELEMENT, TYPE=S4R 

1. 

I .  

26; 26, 46, 47, 25 
27, 25, 47, 48, 2 4  
28, 24. 48, 49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51, 15 
31, 15, 51, 52, 8 
32, 8, 52, 53, 1 
41.41.61.62.42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1, 3. 20, 20 
'ELSET, ELSET=DMB 
DMBA, DMBB 
*SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.030 

* *  GENERATE THE DRUM CYLINDRICAL WALL 

NODES 

.. 

.* 

_ _  _ _  
*NCOPY,SHIFT,CHANGE NU=4O,OLD SET=DMBB,NNV SET=Ll 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU=300,0LD SET=Ll,NEW SET=L2 
0.0. 0.0, 30.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU=4O,OLD SET=LZ,NEW SET=L3 
0.0, 0.0, 2.0 
0.0.0.0, 0.0,o.o. 0.0. 1.0,o.o 
'NFILL, NSET=DMWl 
DMB3, L1, 2, 20 
*NFILL, NSET=DMWZ 
L1, LZ, 15, 20 
'NFILL, NSET=DMW3 
L2, L3, 2, 2 0  
*NODE, NSET=DMW4 
501, 11.5000, 0.0. 34.5 
701 11.5000. 0.0. 35.0 
*NCbPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 
0.0. 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0. +15.00 
'NSET, NSET=DMW 
DMWl. DMW2, DMW3. DMW4 

* *  ELEMENTS 

*ELEMENT, TYPE=S4R. ELSET=DMWl 

*ELGEN. ELSET=DMWl 

.. .. 
101.101,121,122,102 

4417441,461, 462,442 
'ELGEN, ELSET=DMWB 
441, 12, 1. 1. 2, 20, 20 
'ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481, 501, 502, 482 
501, 501,701,702,502 
"ELGEN, ELSET=DMW4 
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481. 12, 1, 1 

* *  GENERATE THE NODES OF DRUM LID .* 
'NCOPY.SHIFT,CHANGE NU = 1000,OLC 
0.0. 0.0. 34.50 

* *  MODIFY NODES 
*NODE. NSET=DML 
1101, 10.5000, 0.0. 34.50 
1102. 10.1422, 2.7176, 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933. 34.50 
1106, 2.7176. 10.1422, 34.50 
1107, 0.0, 10.5000, 34.50 
1108, -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
1110, -7.4246, 7.4246. 34.50 
1111, -9.0933, 5.2500. 34.50 
1112,-10.1422. 2.7176, 34.50 
1113, -10.5000, 0.0. 34.50 

* *  GENERATE THE DRUM LID 

'ELEMENT. TYPE=S4R 

*ELGEN, ELSET=DMLPI 
1001, 6, 1, 1, 3, 7, 6 
.ELEMENT, TYPE=S4R, ELSET=DMLB 
1021,1007, 1041,1042,1014 
1022,1014,1042,1043,1021 
1023, 1021, 1043,1044, 1028 
1024, 1028. 1044,1045, 1027 
1025,1027,1045,1046, 1026 
1026,1026,1046,1047, 1025 
1027.1025, 1047,1048,1024 
1028.1024, 1048,1049, 1023 
1029. 1023,1049,1050, 1022 
1030.1022. 1050,1051, 1015 
1031. 1015, 1051,1052, 1008 
1032, 1008, 1052,1053, 1001 
*ELEMENT, TYPE=S4R 
1041, 1041,1061,1062,1042 
'ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2, 20. 20 
*ELEMENT, TYPE=S4R 

'ELGEN. ELSET=OMLD 

0.0.0.0.0.0.0.0.0.0, 1.0,o.o 

I .  

.. 
1001,1001,1002,1009,1008 

1081,1081,1101,1102,1082 

I SET=DMB,NWSET=DML 

.... 
'NSET, NSET=DM 
DMB, DMW, DML 
*ELSET, ELSET=DM 
DMB, DMW, DML 

* *  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

.NODE, NSET=RING 
601, 11.7500, 0.0, 34.0670 
621. 11.9330, 0.0, 34.2500 
641, 12.0000, 0.0, 34.5000 
661, 11.9330, 0.0, 34.7500 
681, 11.7500, 0.0, 34.9330 
701, 11.5000, 0.0. 35.0000 
721, 11.2500. 0.0. 34.9330 
741, 11.0670. 0.0, 34.7500 
*NCOPY,SHIFT.MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING,NEW SET=RING 
0.0, 0.0. 0.0 
0.0.0.0.0.0, 0.0.0.0. 1.0, +15.00 

...........................................*.. 
. .................*............... *...."I...... 
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"ELEMENT. TYPE=S4R 
601,461,482, 602, 601 
621,601,602,622,621 
721, 701,702,722,721 
761, 741, 742, 1102, 1101 
"ELGEN, ELSET=RINGl 
601, 12, 1. 1 
621, 12, 1, 1, 5, 20, 20 
*ELGEN, ELSET=RING2 
721, 12, 1, 1, 2, 20, 20 
761, 12, 1, 1 
'ELSET, ELSET=RING 
RINGl, RING2 
'SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2. MATERIAL=ST 
0.35 

* *  CLOSING RING BOLT 
............. f..............." ......**...................... 
.NODE, NSET=BOLT 
1501, 11.500, 0.0, 34.500 
1502, 11.500, 0.5, 34.500 
'ELEMENT, TYPE=T3D2, ELSET=BOLT 
1501,1501, 1502 
*SOLID SECTION, ELSET=BOLT. MATERIAL=BOLT 
0.226 
*MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TlE.661.1502 
TIE.661.1502 
*EOUATION 
2 
1501.1.1.0.1502.1.-1.0 
*EQUATION 
2 
1501.3.1.0.1502.3.-1 .O 

* *  PAYLOAD 

*NODE, SYSTEM=R 
*NODE 
2001, -4.0. 0.0, 0.024 
2005, 4.0, 0.0, 0.024 
2011, -4.0, 4.0, 0.024 
2015, 4.0, 4.0, 0.024 
'NGEN. NSET=LINEC 
2001.2005,l 
*NGEN, NSET=LINED 
2011,2015, 1 
*NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE. NSET=PAYB2 
2021, 7.625, 0.0, 0.024 
2022. 7.1966, 3.1526, 0.024 
2023, 5.9775. 5.9775, 0.024 
2024. 3.1526, 7.1966. 0.024 
2025, 0.0, 7.625. 0.024 
2026, -3.1526, 7.1966, 0.024 
2027. -5.9775, 5.9775, 0.024 
2026, -7.1966, 3.1526, 0.024 
2029, -7.625, 0.0. 0.024 
'NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052, 0.024 
2033, 7.9550, 7.9550. 0.024 
2034, 4.3052, 10.394, 0.024 
2035, 0.0, 11.25, 0.024 
2036, -4.3052, 10.394, 0.024 
2037, -7.9550, 7.9550, 0.024 
2036, -10.394, 4.3052, 0.024 
2039, -11.25, 0.0, 0.024 
'NSET. NSET=PAYB 
PAYBl, PAYB2. PAYBB 
*ELEMENT, TYPE=S4R 
2001,2001,2002,2007,2006 

.............I... *......I.< ............ *I............. 

I . . .  

I... 
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*ELGEN. ELSET=PAYBl 

:PAY82 

2021. 2021. 2031,2032, 2022 
'ELGEN, ELSET = PAY02 

'ELSET, ELSET=PAYB 
PAY81, PAY02 
*SHELL SECTION, ELSET=PAYB, MATERIAL =PAYLO 
0.030 

'NCOPY,SHIFT.CHANGE NU= 100,OLD SET=PAYBI.NEW SET=PAYWl 

2021,8,1,1 

. I . . .  

0.0, 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0, 1.0,o.o 
*NFILL, NSET=PAYW 
PAYB3. PAYWl, 10,lO 
.ELEMENT, TYPE=S4R 
2031, 2031, 2041, 2042, 2032 
'ELGEN, ELSET=PAYW 
2031,8,.1, 1, 10. 10, 10 
'SHELL SECTION, ELSET=PAYW, MATERIAL=PAYLD 
0.030 

.NCOPY.SHIFT,CHANGE NU = 200,OLD SET=PAYB,NEW SET=PAYT 

..... 
0.0, 0.0. 33.25 
o.o.o.o,o.o, o.o,o.o, 1.0,o.o 
*ELEMENT, TYPE=S4R 
2201,2201,2202,2207. 2206 
*ELGEN. ELSET=PAYTl 
2201. 4, 1, 1, 2, 5, 5 
*ELEMENT, TYPE=S4R, ELSET=PAYTZ 
2211. 2205, 2221, 2222. 2210 
2212,2210,2222,2223.2215 
2213, 2215,2223,2224.2214 
2214,2214,2224,2225,2213 
2215, 2213,2225,2226, 2212 
2216,2212,2226,2227. 221 1 
2217,2211,2227,2228,2206 
2218, 2206, 2228, 2229, 2201 
*ELEMENT, TYPE=S4R 
2221, 2221. 2131, 2132, 2222 
'ELGEN, ELSET = PAYT2 
2221,8, 1, 1 
*ELSET, ELSET=PAYT 
PAYTl. PAYTP 
*ELSET. ELSET=PAY 
PAY& PAYW. PAYT 
'NSET, NSET=PAY 
PAYE. PAYW. PAYT 
*SHELL SECTION, ELSET=PAYT. MATERIAL=PAYLD 
0.030 

* f  GENERATE THE ELEMENTS OF CONCRETE PAD 
I . . . .  

**  10' x lo' RECTANGULAR HALF SECTION (NO lNFl 
1. 

.NODE, 
*NODE, 
160001 
.N 

SYSTEM =R 
NSET=Cl 
, -60.0, 0.0, -8.0 

..ODE. NSET=C2 
ifinoo4. -45.0. 0.0. -8.0 
*NODE,'NSET=C3 
160034, 45.0, 0.0, -8.0 
'NODE. NSET=C4 
160037, 60.0, 0.0. -6.0 
*NFILL, NSET=LINEl 
c1, c2, 3 
C2, C3, 30 
c 3  c 4  3 
*NkOdY,SHIFT,CHANGE NU = 500,OLD SET=LINEl .NEW SET= LINE2 
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0.0. 30.0, 0.0 

'NCOPY,SHIFT,CHANGE NU =300,OLD SET= LINE2,NEW SET= LINE3 
0.0, 30.0, 0.0 

*NFILL, NSET=CONCl 
LINEl, LINE2 10, 50 
LINE2 LINE3 6 50 
*NCdPY,SHIh,'CHANGE NU = 2000,OLD SET=CONCl ,NEW SET=CONC2 
0.0.0.0. 2.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 
*N&oP~,sHI;T.cAAN&E Nb=2000,OLO SET=CONCZ,NEW SET=CONC3 
0.0, 0.0, 2.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 
'NbOP~,SHkT,ChAN&E Nb = 2000,OLD SET=CONCS,NEW SET=CONC4 
0.0, 0.0. 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU =2000,OLD SET= CONC4,NEW SET=CONC5 

0.0.0.0.0.0.0.0.0.0. 1.0,o.o 

o.o.o.o,o.o,o.o. 0.0, 1.0, 0.0 

.. 
* *  GENERATE THE SOIL NODES 

*NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl. NEW SET=SOILl 
0.0, 0.0, -50.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 
'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILl. NEW SET=SOILZ 
0.0.0.0, +20.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 
'NCOP;, SHiFT, CHANGE kJ=2000, OLD SET=SOILP, NEW SET=SOIL3 
0.0, 0.0. + 10.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 
*N&OP;, SHiFT, LHANGE NU =2000, OLD SET=SOILB, NEW SET=SOIL4 
0.0, 0.0. + 10.0 
0.0 o.o,o.o,o.o,o.o, 1.0.0.0 
.NbOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4. NEW SET=SOIL5 
0.0. 0.0, +5.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NSET,NSET= SOIL0 
SOIL1, SOIL2. SOIL3, SOIL4, SOIL5 

.. 

.. 
GENERATE THE INCLINED IMPACT SURFACES 

.I 

'NC0PY.SHIFT.CHANGE NU 1.100000.OLD SET=CONCO,NEW SET= CONC 
12.000. 0.. 34.8 
12,000 0. 34.8, 12.000. 1.. 343-146.31 
*NCOP;,ShIFT, CHANGE NU=-100000, OLD SET=SOILO, NEW SET-SOIL 
12.000. 0.. 34.8 
12.000.0.. 34.8, 12.000, 1.. 34.8,-146.31 .. 

CONCRETE PAD ELEMENT .. 
*ELEMENT, TYPE=CIDIR 
60001, 60001,60002,60052, 60051, 62001. 62002,62052,62051 
'ELGEN, ELSET = CONCl 
60001 36 1 1 16 50 50 
.ELCObY,;L61 iETiCDiC1,NEW SET=CONCI.ELEMENT SH=2000,SHIFT NO=2000 
.ELCOPY OLD SET=CONCI.NEW SET=CONCB,ELEMENT SH =2000,SHIFT NO= 2000 
'ELC0PY:OLD SET=CONCS,NEW SET=CONCI,ELEMENT SH=2000,SHIFT NO=2000 
*ELSET, ELSET=CONC 
CONCl, CONC2, CONC3, CONC4, 
.SOLID SECTION, ELSET= CONC, MATERIAL=CONCRETE .. 
* *  GENERATEREBARS 
I .  

*REBAR,ELEM =CONTINUUM,MAT= REBAR,GEOM =ISOPARAMETRIC.NAME= LX 
CDNCl 0.60 12.0 0.0 1 .O 4 2 

CONCl 0.60 12.0 90. 1.0 4 2 
-REBA~,ELE~~ =C&NTiNU;M,MAT= REBAR,GEOM =ISOPARAMETRIC,NAME=UX 
CONC4 0.60 12.0 0.0 0.0 4 2 

C0NC4,0.60,12.0,90..0.0.4.2 

.REBA;L,ELEM=C~NT~NU;I;I.MAT=REBAR,GEOM=ISOPARAMETRIC,NAME=LY 

.REBA;L,ELE~~=C~NT;NU;M,MAT=REBAR,GEOM=ISOPARAMETRIC,NAME=UY .. 

.* GENERATE THE SOIL 
f. 
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'ELCOPY.OL0 SET=CONCl.NEW SET=SOILl.ELEMENT SH=20000,SH FT NO=20000 
'ELCOPY.OLD SET =SOILl.NEW SET=SOILZ.ELEMENT SH=200O,SHIFT NO=2000 
'ELCOPY.OL0 SET=SOILZ.NEW SET=SOILI.ELEMENT SH=ZOOO,SHIFT NO=2000 
*ELCOPY.OLD SET =SOIL3.NEW SET= SOIL4,ELEMENT SH = 2000,SHIFT NO = 2000 
'ELEMENT. TYPE = C306. ELSET = SOIL5 
+ELEMENT, TYPE = C308R 
88001, 88001, 88002. 88052. 88051. 60001. 60002.60052.60051 
TLGEN, ELSET=SOIL5 
88001. 36. 1. 1, 16, 50. 50 
*ELSET. ELSET=SOIL 
SOIL1. SOIL2. SOIL3, SOIL4. SOIL5 
'SOLID SECTION, ELSET=SOIL, MATERIAL=SOIl 
. . . . . . . . . . . . . . . . . I .  .. 
*' ASTM A36 .. 
*MATERIAL, NAME=ST 
'DENSITY 
7.5052E-4 
'ELASTIC 
29.016. 0.3 
'PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
lOOOO., 0.25 
5000.. 0.26 
1000.. 0.27 
'FAILURE 
0.30. 0.25 
1. 

CLOSING RING BOLT MATERIAL 
*' ASTM A307. OR. C .. 
*MATERIAL, NAME=BOLT 
'DENSITY 
7.505264 
'ELASTIC 
29.OE6.0.3 
*PLASTIC 
36000.0, 0.0 
60000.0, 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*FAILURE 
0.30, 0.25 
'MATERIAL, NAME= PAYLD 
*DENSITY 
0.01110 
'ELASTIC 
29.016. 0.3 
*material.name =concrete 
I *  4000 PSI CONCRETE 
'density 
1 S5E.04 
*elastic 
3.61+06,0.15 
Wucker prager 
35.1.1.0.35.1 

800.,0.006 
100..0.0061 
*material,name=soil 
*density 
1.647804 
'elestic 
5700.,0.35 
'drucker prager 
35.2.0.82.35.2 
'drucker prager hardening 
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2.0.0.0 
6.54.0.0055 
8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.112 
1. 

REBAR STEEL 
I .  

*MATERIAL, NAME=REBAR 
'DENSITY 
7.348-4 
*ELASTIC 
29.586. 0.30 
'PLASTIC 
71170.. 0.0 
71626.. 0.004985 
63130.. 0.017098 
96460.. 0.036202 
104728.. 0.0551 13 
109080.. 0.073795 
*"FAILURE 
"0.30. 0.03 

**  ELEMENT SET DEFINITIONS 

*ELSET,ELSET=ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 

.. 

.. 

.. 
NODE SET DEFINITIONS .. 

'NSET,NSET = ALLND 
DMB, DMW. DML 
RING, BOLT 
PAY, 
'NSET.NSET=YSYMM.GENERATE 
60001 30037.1 
62001,62037.1 
64001.64037.1 
66001 $6037.1 
68001.68037.1 
80001.80037.1 
82001 32037.1 
84001 34037.1 
86001.86037.1 
88001.86037.1 
*NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81, 93, 12 
101, 501, 20 
11  3, 51 3,20 
61 3, 693,ZO 
701. 741, 20 
713, 753, 20 
1001,1007,1 
1041,1053, 12 
1061,1073, 12 
1081. 1093, 12 
1101, 1113, 12 
1501, 1501, 1 
2001. 2005, 1 
2021, 2029, 8 
2031,2131, 10 
2039,2139, 10 
2201.2205,l 
2221,2229,8 
'NSET,NSET = SOILBT,GENERATE 
80001 30837.1 
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*NSET.NSET= CONC5,GENERATE 
68001.68837.1 
*BOUNDARY 
YSYMM,YSYMM 
SOILBT.1.3 

*INITIAL CONDITIONS,TYPE=VELOClTY 
ALLND.l.106.84 
ALLND.3.160.25 
'STEP 
'DYNAMIC.EXPLICIT 
,20.0&03 

.....*............I... 

.. 
DEFINE THE CONTACT SURFACES BETWEEN 

**  THE DRUM BOTTOM AND TARGET 

.SURFACE DEFINITION.NAME= CONC4T 

.. 
^^ 

DMWISNEG 
RING,SPOS 
DML,SPOS 
'CONTACT PAIR 
CONC4T.DMOUT 

*' DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

'SURFACE DEFINITION,NAME=DMINS,NO THICK 
DMB,SPOS 
DMW1,SPOS 
DMW2,SPOS 
DMW3,SPOS 
DMW4,SPOS 
RING2,SNEG 
DML,SNEG 
*SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYB,SNEG 
PAYW,SNEG 
PAYT,SPOS 
*CONTACT PAIR 
DMINS,PAYOUT 

'NSET,NSET=DMDIS,GENERATE 
4.4.1 
1004,1004,l 
661.661.1 
101.1 13.3 
301.3133 
541,5533 
'ELSET,ELSET= DMBST,GENERATE 
61.66.1 
8136.1 
'ELSET,ELSET= DMBST 
DMBA, 
'ELSET,ELSET= DMWST,GENERATE 
101.106.1 
121.126.1 
141,421.20 
142.422.20 
143.423.20 
441.446.1 
461.466.1 
481.486.1 
501,506.1 
*ELSET.ELSET= DMLST.GENERATE 

1. 

.f 

.....*.. *....*...*...*."**.... 

641.646.1 
661,666.1 
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681.686.1 
701,706.1 
721.726.1 
741.746.1 
761.766.1 
'ELSET,ELSET = BOLTST,GENERATE 
1501.1 501.1 

*HISTORY OUTPUT, TIME= 1 .OE-4 
*NODE HISTORY, NSET=DMDIS 
u, v. A 
*EL HISTORY, ELSET=DMBST 
SP, 
LEP. 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMWST 
SP, 

.............. I......"."...... 

-. , 
LEP, 
SENER, 
PENER, 
*EL HISTORY. ELSET=RINGST 
SP. 
LEP. 
SENER, 
PENER, 
*EL HISTORY. ELSET=BOLTST 
SP, 
LEP, 
SENER, 
PENER. 
*FILE OUTPUT, NUMBER INTERVAL= 100 
'NODE FILE 
RF, 
*MONITOR,NODE= 307,DOF = 3 
'END STEP 
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@' CHECKLIST FOR CHECKING OF ANALYSlSlCALCULATlONS 
__I 

Document NumberlRevision: HNF-2209/Rev. 0 

Document Title: 55 Gallon Druml30-mil Wall Thickness 4-ft TOD Corner DroD 

Yes 

[XI 

[XI 

[XI 

1x1 
(XI 

1 1  

tx1 
1 1  

[ I  
1x1 
tx1 

tx1 

tX1 

[XI 

[XI 

No 

1 1  

I 1  

t 1  

[ I  
t 1  

t 1  

I 1  

t 1  

1 1  

1 1  

t 1  

1 1  

1 1  

1 1  

1 1  

t 1  

NIA 

t 1  

1 1  

t 1  

1 1  

t 1  

[XI 

1 1  

[XI 

1 1  

[XI 

t 1  

I 1  

I 1  

1 1  

t 1  

t 1  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of nonstandard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysislcalculation and it is complete and accurate to the best of my 
knowledge. 

EngineerlChecker Scott Shiraaa 

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 

Date 09/01 198 
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7.7.1.5 DOT-17H 55-Gal Drum 10-Ft Top-Corner Drop. 

*HEADING 
DOT-17H 55 GALLON DRUM, 10-FT TOP CORNER DROP 
FILE=DTClON 8/13/98 
'RESTART, WRITE, NUMBER INTERVAL=lO ......................... 
*HEADING 
DOT-17H 55 GALLON DRUM, 10-FT TOP CORNER DROP 
FILE=DTClON 8/13/98 
'RESTART, WRITE, NUMBER INTERVAL=lO ......................... 
* *  DRUM ......................... .. 
*. GENERATE THE NODES OF DRUM BOTTOM PLATE .. 
.NODE. SYSTEM=R 
*NODE 
1, -3.6, 0.0, 0.0 
7. 3.6. 0.0. 0.0 
22. -3.6, 3.6, 0.0 
28. 3.6, 3.6, 0.0 
'NGEN, NSET=LINEA 
1. 7. 1 
*NGEN, NSET=LINEB 

. -  . 
42, 5.3380, 1.5872, 0.0 
43. 5.0342. 3.1208. 0.0 
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113, -1 1.5000, 0.0. 0.0 
'NSET, NSET=DMB 
DMBl, DMB2, DMB3 

.* GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

*ELEMENT, TYPE=S4R 

f.  

.. 
1, 
*E 
1, 6, 1. 
*ELEME 
21, 7,4 
22, 14, 
23. 21. 

25, 27, 45, 46, 26 
26, 26, 46, 47, 25 
27. 25, 47,48, 24 
28, 24, 48. 49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51, 15 
31, 15. 51, 52, 8 
32, 8, 52, 53, 1 
41, 41, 61, 62, 42 
*ELGEN, ELSET=DMBB 
41.12.1.1.3.20.20 
.ELSET, ELSET=DMB 
DMBA, DMBB 
'SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 

.* GENERATE THE DRUM CYLINDRICAL WALL 

.* NODES 

*NCOPY,SHIFT,CHANGE NU =40,OLD SET= DMB3,NEW SET=Ll 

.. 

.. .. 
0.0.0.0. 2.0 
o.o,o.o,o.o, 0.0.0.0, 1.0, 0.0 

0.0.0.0.0.0, o.o,o.o, 1.0.0.0 

0.0, 0.0,2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

*NCOPY,SHIFT,CHANGE NU=SOO,OLD SET=Ll.NEW SET=L2 
0.0, 0.0. 30.0 

*NCOPY,SHIFT.CHANGE NU=40,0LD SET=LZ,NEW SET=L3 

'NFILL, NSET=DMWl 
DMB3. L1. 2, 2 0  
'NFILL. NSET=DMWZ 
L1, L2, 15, 20 
'NFILL, NSET=DMW3 
L2, L3, 2, 20 
*NODE, NSET=DMW4 
501, 11.5000, 0.0, 34.5 
701 11.5000, 0.0, 35.0 
'NdOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
*NSET, NSET=DMW 
DMWl, DMW2, DMW3, DMW4 
f.  

* *  ELEMENTS 

*ELEMENT, TYPE=S4R. ELSET=DMWl 

'ELGEN, ELSET=DMWl 

*ELEMENT, TYPE=S4R, ELSET=DMWZ 
141, 141, 161, 162, 142 
'ELGEN, ELSET=DMWP 
141, 12, 1, 1, 15, 20, 2 0  
'ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441, 461,462,442 
'ELGEN. ELSET=DMW3 

.. 
101,101,121,122,102 

101, 12,1, 1,2,20,20 
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501, 12, 1, 1 
*ELSET, ELSET=DMW 
DMWl, DMW2, DMW3. DMW4 
*SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.0478 

* *  GENERATE THE NODES OF DRUM LID 

'NCDPY,SHIFT.CHANGE NU= 1000,OLD SET=DMB,NEW SET=DML 
0.0, 0.0, 34.50 
o.o,o.o,o.o,o.o, 0.0, 1.0, 0.0 
'* MODIFY NODES 
*NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102. 10.1422, 2.7176, 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176, 10.1422, 34.50 
1107, 0.0. 10.5000, 34.50 
1108, -2.7176, 10.1422, 34.50 
1109, -5.2500. 9.0933, 34.50 
11 10, -7.4246, 7.4246, 34.50 
1111, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176. 34.50 
1113, -10.5000, 0.0. 34.50 

*. GENERATE THE DRUM LID 

1. 

1. 

.I 

I .  

'ELEMENT, TYPE=S4R 
1001, 1001, 1002, 1009, 1008 
*ELGEN, ELSET=DMLA 
1001, 6, 1, 1, 3, 7, 6 
.ELEMENT, TYPE = S4R. ELSET = DMLB 
1021. 1007, 1041,1042, 1014 
1022, 1014, 1042,1043, 1021 
1023, 1021, 1043,1044, 1028 
1024, 1028, 1044,1045,1027 
1025, 1027, 1045,1046,1026 
1026, 1026, 1046,1047,1025 
1027,1025,1047,1048,1024 
1028,1024,104S.1049,1023 
1029,1023,1049,1050,1022 
1030,1022,1050,1051,1015 
1031,1015, 1051,1052, 1008 
1032, 1008, 1052,1053, 1001 
*ELEMENT, TYPE=S4R 
1041, 1041, 1061,1062,1042 
'ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2. 20. 20 
'ELEMENT, TYPE=S4R 
1081, 1081. 1101, 1102, 1082 
*ELGEN, ELSET=DMLD 
1081,12,1, 1 
*ELSET, ELSET=DML 
DMLA, DMLB, DMLC, DMLD 
*SHELL SECTION, ELSET=DML, MATERIAL=ST 
0.0478 
'NSET, NSET=DM 
DMB, DMW, DML 
'ELSET, ELSET=DM 
DMB. DMW, DML ............*..........*.................*.... 
* *  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY ....................*.. *....*................" 

' 

'NODE, NSET=RING 
601, 11.7500. 0.0, 34.0670 
621, 11.9330, 0.0, 34.2500 
641, 12.0000, 0.0. 34.5000 
661, 11.9330. 0.0. 34.7500 
681, 11.7500. 0.0, 34.9330 
701, 11.5000, 0.0, 35.0000 
721, 11.2500. 0.0, 34.9330 
741, 11.0670, 0.0, 34.7500 
*NCOPY,SHIFT.MULTIPLE= 1 2,CHANGE NU = 
0.0. 0.0. 0.0 
o.0.0.0.0.0, 0.0.0.0, 1.0, +15.00 
"ELEMENT, TYPE=S4R 

+ 1 .DL0 SET =RING.NEW SET =RING 
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601,481,482,602,601 
621, 601, 602, 622. 621 
721,701,702,722.721 
761, 741, 742. 1102. 1101 
*ELGEN. ELSET=RINGl 
601, 12, 1, 1 
621, 12, 1, 1, 5, 20, 20 
*ELGEN. ELSET=RING2 
721, 12, 1, 1, 2. 20. 20 
761, 12, 1, 1 
'ELSET, ELSET=RING 
RINGl, RING2 
*SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2, MATERIAL=ST 
0.35 ......*...... *.............**. 

CLOSING RING BOLT .......................... I . . .  

'NODE, NSET=BOLT 
1501, 11.500, 0.0,. 34.500 
1502, 11.500, 0.5, 34.500 
*ELEMENT, TYPE=TSDZ, ELSET=BOLT 
1501, 1501, 1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 
'MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
*EQUATION 
2 
1501.1.1.0.1502.1.-1 .O 

2 
1501.3.1.0.1502.3,-1.0 

* *  PAYLOAD 

'NODE, SYSTEM=R 
'NODE 
2001. -4.0, 0.0, 0.024 
2005. 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015. 4.0, 4.0, 0.024 
'NGEN, NSET=LINEC 
2001,2005,l 
'NGEN, NSET=LINED 
2011. 2015, 1 
*NFILL. NSET=PAYBl 

, 'EOUATION 

...............*..... "t"...... 

..............*........... ".*. 

LINEC, LINED, 2, 5 
*NODE, NSET=PAYBP 
2021. 7.625, 0.0, 0.024 
2022, 7.1968, 3.1526, 0.024 
2023. 5.9775. 5.9775. 0.024 
2024. 3.1526. 7.1968. 0.024 

2031,-'11.25, 0.0, 0.024 
2032, 10.394, 4.3052, 0.024 
2033, 7.9550, 7.9550, 0.024 
2034, 4.3052, 10.394, 0.024 
2035, 0.0, 11.25, 0.024 
2036, -4.3052. 10.394. 0.024 
2037, -7.9550, 7.9550, 0.024 
2038, -10.394, 4.3052, 0.024 
2039. -11.25, 0.0, 0.024 
'NSET, NSET=PAYB 
PAYBl. PAY% PAYBI 
'ELEMENT. TYPE=S4R 
2001,2001,2002,2007,2006 
'ELGEN, ELSET = PAYBl 
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2016.201 2,2026,2027,201 1 
2017.2011.2027. 2028,2006 
201 8, 2006. 2028. 2029. 2001 
*ELEMENT, TYPE=S4R 
2021,2021,2031,2032,2022 
'ELGEN, ELSET = PAY82 
2021.8. 1, 1 
'ELSET, ELSET=PAYB 
PAYBI, PAY82 
*SHELL SECTION, ELSET = PAYB, MATERIAL = PAYLD 
0.0478 
.I... 

'NCOPY.SHIFT,CHANGE NU= 100,OLD SET=PAYBS,NEW SET=PAYWl 
0.0. 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=PAYW 
PAYB3. P A W I ,  10.10 
*ELEMENT, TYPE=S4R 
2031,2031,2041,2042,2032 
*ELGEN, ELSET= P A W  
2031. 8, I ,  1, 10, 10, 10 
*SHELL SECTION, ELSET=PAYW, MATERIAL=PAYLD 
0.0478 

'NCOPYSHIFT,CHANGE NU = 200,OLD SET=PAYB,NEW SET=PAYT 
..... 
0.0. 0.0. 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0,o.o 9 

.ELEMENT, TYPE=S4R 
2201.2201.2202.2207.2206 
*ELGEN. ELSET = PAYTl 
2201. 4, 1, 1. 2. 5, 5 
'ELEMENT, TYPE=S4R. ELSET=PAYT2 
2211. 2205, 2221, 2222, 2210 
2212, 2210,2222. 2223. 2215 
2213, 2215,2223, 2224, 2214 
2214,2214,2224,2225,2213 
2215. 2213, 2225,2226, 2212 
2216,2212,2226,2227,221 1 
2217. 2211, 2227. 2228. 2206 
2218,2206,2228,2229,2201 
*ELEMENT, TYPE=S4R 
2221,2221, 2131, 2132, 2222 
'ELGEN, ELSET = PAYT2 

'ELSET, ELSET=PAYT 
PAYTI, PAYTZ 
'ELSET. ELSET=PAY 
PAYB, PAYW, PAYT 
*NSET, NSET=PAY 
PAYB. P A W .  PAYT 
*SHELL SECTION, ELSET=PAYT, MATERIAL-PAYLO 
0.0478 

2221.8, 1, 1 

I.... 

GENERATE THE ELEMENTS OF CONCRETE PAD 
10' X 10' RECTANGULAR HALF SECTION (NO INFI **  

1. 

'NODE. SYSTEM-R 
.NODE, NSET=Cl 
160001. -60.0, 0.0, -8.0 
'NODE, NSET=CZ 
160004, -45.0, 0.0. -8.0 
*NODE, NSET=C3 
160034, 45.0, 0.0, -8.0 
'NODE, NSET=C4 
160037, 60.0, 0.0. -8.0 
*NFILL, NSET=LINEl 
c1, c2, 3 
C2, C3, 30 
c3, c4, 3 
'NCOPY,SHIFT,CHANGE NU = 500,OLD SET=LINEl .NEW 
0.0, 30.0, 0.0 

SET= :LINE2 
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o.o,o.o, 0.0, o.o,o.o. 1.0,o.o 
*NCOPY,SHIFT,CHANGE NU = 300,OLD SET= LINE2,NEW SET=LINE3 

'SET=CONCP 

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0.0.0, 2.0 
o.o,o.o,o.o, 0.0. 0.0, 1.0, 0.0 

'NCOPY,SHIFT.CHANGE NU = 2000,OLD SET= CONC2,NEW SET= CONC3 

*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCB.NEW SET=CONC4 
0.0, 0.0, 2.0 
0.0, 0.0, o.o,o.o, 0.0, 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONC4,NEW SET= CONC5 

GENERATE THE SOIL NODES 
.I 

*NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0, 0.0, -50.0 
o.o,o.o, o.o,o.o, 0.0. 1.0,o.o 
'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILl, NEW SET=SOILP 
0.0.0.0, +20.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0, 0.0. + 10.0 
o.o,o.o, 0.0.0.0, 0.0, 1.0, 0.0 

*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILP, NEW SET=SOIL3 

.NCOPY. SHIFT, CHANOE NU=2000, OLD SET=SOIL3, NEW SET=SOIL4 
0.0, 0.0, + 10.0 
o.o,o.o,o.o,o.o, 0.0, 1.0.0.0 
*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOILS 

* *  GENERATE THE INCLINED IMPACT SURFACES 

*NCOPY.SHIFT.CHANGE NU =-100000,OLD SET=CONCO,NEW SET=CONC 
I. 

12.000, 0.. 34.8 
12.000. 0.. 34.8, 12.000, 1.. 343-146.31 
*NCOPY,SHIFT. CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.000, 0.. 34.8 
12.000.0.. 34.8, 12.000. 1.. 34.8,-146.31 
I. 

**  CONCRETE PAD ELEMENl 

'ELEMENT, TYPE=CBDSR 
60001, 60001, 60002, 60052, 60051,62001, 62002.62052, 62051 
'ELGEN, ELSET=CONCl 
50001, 36, 1, 1, 16, 50, 50 
.ELCOPY,OLD SET=CONCl,NEW SET=CONCZ,ELEMENT SH=2000,SHIFT NO=2000 
.ELCOPY,OLD SET=CONC2,NEW SET=CONCB,ELEMENT SH=2000,SHIFT NO=2000 
*ELCO?Y.OLD SET=CONCI.NEW SET=CONC+ELEMENT SH =2000,SHIFT NO= 2000 

I. 

.ELSET. ELSET=CONC 
CONC1, CONC2, CONC3, CONC4, 
'SOLID SECTION, ELSET = CONC, MATERIAL - CONCRETE 

*. GENERATEREBARS 

'REBAR,ELEM = CONTINUUM.MAT= REBAR,GEOM =ISOPARAMETRIC,NAME=LX 
C0NC1.0.60.12.0.0.0.1.0.4.2 
*REBAR,ELEM =CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= LY 
CONCl,O.6O.12.0,90.,1.0,4,2 
'REBAR,ELEM = CONTINUUM.MAT = REBARGEOM = ISOPARAMETRIC,NAME = UX 
CONC4.0.60.12.0.0.0.0.0.4.2 
*REBAR,ELEM =CONTINUUM,MAT= REBAKGEOM = ISOPARAMETRIC,NAME= UY 
C0NC4,0.60,12.0.90.,0.0,4,2 

.. .. 

.. 
* *  GENERATE THE SOIL 

"ELCOPY.OLD SET=CONCl.NEW SET=SOILl,ELEMENT SH=20000,SHIFT NO=20000 
I. 

87-1 19 



HNF-2209, Rev. 0 

*ELCOPY,OLD SET=SOILl,NEW SET=SOILZ,ELEMENT SH=2000SHIFT NO=2000 
'ELCOPY,OLD SET=SOILZ,NEW SET=SOIL3,ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY.OL0 SET= SOIL3,NEW SET=SOIL4,ELEMENT SH= 2000,SHIFT NO = 2000 
*ELEMENT, TYPE=C3D6, ELSET=SOIL5 
*ELEMENT, TYPE=C3D8R 
88001,88001,88002, 88052, 88051.60001.60002,60052,60051 
'ELGEN, ELSET=SOIL5 
88001. 36, 1, 1, 16, 50, 50 
"ELSET, ELSET=SOIL 
SOIL1, SOIL2, SOIL3, SOIL4, SOIL5 
*SOLID SECTION, ELSET=SOIL, MATERIAL=SOIL ....*.........*.*. I .. 
* I  ASTM A36 

'MATERIAL, NAME=ST 
'DENSITY 
7.505284 
'ELASTIC 
29.016. 0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*FAILURE 
0.30, 0.25 

f.  

.I 

CLOSING RING BOLT MATERIAL 
* *  ASTM A307. GR. C 

'MATERIAL, NAME=BOLT 
'DENSITY 
7.50528-4 

f. 

'ELASTIC 
29.086.0.3 
*PLASTIC 
36000.0, 0.0 
60000.0, 0.23 
'FAILURE 
0.23, 0.22 
'MATERIAL, NAME = PAYLD 
'DENSITY 
0.02437 
.ELASTIC 
29.086. 0.3 
'materia1,name =concrete 
**  4000 PSI CONCRETE 
'density 
1.95E-04 
*e18stic 
3.6E+06.0.15 
'druckar prager 
35.1.1.0.35.1 
.drucker prager hardening 
2 2 5 0 ., 0.0 
3900..0.0013 
3000.,0.0024 
2400..0.0034 
1790..0.0044 
11 80.,0.0054 
800.,0.006 
100.,0.0061 
*material.name =soil 
*density 
1.6471-04 
'elastic 
5700.,0.35 
*drucker prager 
35.2.0.82.35.2 
'drucker pragsr hardening 
2.0.0.0 
6.54.0.0055 
8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
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10.98.0.0467 
11.1.0.0673 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.112 

* *  REBAR STEEL 
.. 
.. 
'MATERIAL, NAME=REBAR 
*DENSITY 
7.34E.4 
*ELASTIC 
29.5E6.0.30 
*PLASTIC 
71 170.. 0.0 
71626.. 0.004985 
83130,. 0.017098 
96460.. 0.036202 
104728,. 0.0551 13 
109080.. 0.073795 

**  ELEMENT SET DEFINITIONS 
.. 
f.  

'ELSET,ELSET = ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY. .* 

NODE SET DEFINITIONS 
I. 

*N~ET,NSET=YSYMM.GENERATE 
60001 30037.1 
62001.62037.1 
64001.64037.1 
66001,66037.1 
68001 38037.1 
80001.80037.1 
82001,82037.1 
84001 34037.1 
86001.86037.1 
88001,88037.1 
'NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81.93, 12 
101, 501, 20 
113, 513.20 
613,693, 20 
701.741,20 
71 3,753, 20 
1001, 1007, 1 
1041, 1053, 12 
1061, 1073,lZ 
1081. 1093, 12 
1101. 1113, 12 
1501, 1501. 1 
2001,2005.1 
2021. 2029. 8 
2031, 2131, 10 
2039,2139, 10 
2201, 2205, 1 
2221, 2229, 8 
'NSET,NSET= SOILBT,GENERATE 
80001.80837.1 
*NSET,NSET=CONC5,GENERATE 
68001.68837.1 
*BOUNDARY 
YSYMM,YSYMM 
SOILBT.l.3 

*INITIAL CONDITIONS,TYPE=VELOC 
f. "."....*.XI.....*... 

ITY 
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ALLND.l.168.92 
ALLND.3.253.38 
'STEP 
*DYNAMIC,EXPLICIT 
,2O.OE-O3 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM BOTTOM AND TARGET 

f.  

*SURFACE DEFINITION,NAME=CONC4T 
CONC4,S2 
'SURFACE DEFINITION.NAME= DMOUT,NO 
DMB,SNEG 
DMW1,SNEG 
DMW2,SNEG 
DMW3,SNEG 
RING,SPOS 
DML,SPOS 
'CONTACT PAIR 
CONC4T.DMOUT .. 

THICK 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

'SURFACE DEFINITION.NAME= DMINS.NO THICK 
DMBSPOS 
DMW1,SPOS 
DMW2,SPOS 
DMW3,SPOS 
DMW4,SPOS 
RINGZSNEG 
DMLSNEG 
'SURFACE DEFINITION.NAME =PAYOUT.NO ThlCK 
PAYB.SNEG 
PAYWSNEG 
PAY T,SPOS 
'CONTACT PAIR 
DMINS.PAYOUT 

.. 

. . . . . . . . . . . . . . . . . . . . . . . I . . . . . . .  

'NSET,NSET=DMDIS,GENERATE 
4.4.1 
1004,1004.1 

'661.661.1 
101.1 13.3 
301,313.3 
541.553.3 
'NSET,NSET=DMRF 

DMWl, 
DMW2. 
DMW3. 
RING, 
DML, 
'ELSET,ELSET= DMBST,GENERATE 
61.66.1 
81.86.1 
*ELSET.ELSET= DMBST 
DMBA, ' 

*ELSET.ELSET= DMWST,GENERATE 
101,106.1 
121.126.1 
141.421.20 
142,422.20 
143.42320 
441,446.1 
461,466.1 
481.485.1 

. DMB, 

501;506,1 
*ELSET,ELSET =DMLST,GENERATE 
1051.1066.1 
1081.1086.1 
*ELSET,ELSET= DMLST 
DMLA, 
*ELSET.ELSET = RINGST.GENERATE 
601.605.1 
621.625.1 
641.646.1 
661,666.1 

B7-122 



HNF-2209, Rev. 0 

681,686,1 
701.706.1 
721.726.1 
741.746.1 
761.766.1 
*ELSET,ELSET = BOLTST,GENERATE 
1501.1 501.1 

‘HISTORY OUTPUT, TIME= 5.E-5 
‘NODE HISTORY, NSET=DMDIS 
U. V. A 
‘NODE HISTORY, NSET=DMRF 
RF. 
‘NODE HISTORY, NSET=CONCS 
RF. 
‘EL HISTORY, ELSET=DMBST 
SP. 
LEP, 
SENER, 
PENER. 
*EL HISTORY, ELSET=DMWST 
SP. 
LEP. 

1. f..f.~...*.f......f.........~ 

LEP, 
SENER, 
PENER. 
*EL HISTORY, ELSET=BOLTST 
SP. 

ALLKE, 
‘MONITOR,NODE= 307,DOF= 3 
*END STEP 
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@ .CHECKLIST FOR CHECKING OF ANALYSlSlCALCULATlONS 
MYM 

~ 

locument Number/Revision: HNF-2209/Rev. 0 

locument Title: p p  
Yes 

[XI 

[XI 

1x1 
[XI 

tx1 
1 1  

[XI 

[ I  

tx1 

t 1  

[XI 

[XI 

(XI 

[XI 

1x1 
[XI 

No 

t 1  

t 1  

[ I  
t 1  

1 1  

t 1  

11 

[ I  

1 1  

[ I  
t 1  

[ I  

t 1  

11 

t 1  

[ I  

N/A 

t 1  
1 1  

I 1  
11 

t 1  

tX1 

11 

[XI 

[ I  

1x1 
I 1  

[ I  

t 1  

I 1  
t 1  

[ I  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysislcalculation and it is complete and accurate to the best of my 
tnowledge. 

EngineerlChecker Scott S Date 09/01/98 

UOTE Any hand calculations, notes or summaries generated as  part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third p a w .  
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7.7.1.6 DOT-17H 55-Gal Drum 30-MPH Top-Corner Drop. 

*HEAD IN G 
DOT-17H 55 GALLON DRUM, 30 MPH TOP CORNER DROP, FILE=DTC30M 
'RESTART, WRITE, NUMBER INTERVAL=lO 

* *  DRUM 
..............*.......*.. 
I........ f............"." .. 
** GENERATE THE NODES OF DRUM BOTTOM PLATE .. 
.NODE, SYSTEM=R 
'NODE 
1, -3.5, 0.0, 0.0 
7, 3.5, 0.0, 0.0 
22,-3.6, 3.6, 0.0 
28, 3.5, 3.6, 0.0 
*NGEN, NSET=LIN€4 
1 7 1  
*NGEN, NSET=LINEB 
22, 28, 1 
'NFILL, NSET=DMBl 
LINEA, LINEB, 3, 7 
*NODE, NSET=DMB2 
41, 5.4417, 0.0, 0.0 
42, 5.3380, 1.5872. 0.0 
43, 5.0342, 3.1208, 0.0 
44, 4.5508, 4.5508, 0.0 
45, 3.1208, 5.0342, 0.0 
46, 1.5872, 5.3380, 0.0 
47, 0.0, 5.4417, 0.0 
48, -1.5872, 5.3380. 0.0 
49, -3.1208, 5.0342, 0.0 
50, -4.5508, 4.5508. 0.0 
51, -5.0342, 3.1208, 0.0 
52, -5.3380. 1.5872, 0.0 
53, -5.4417. 0.0. 0.0 
51, 7.2833, 0.0. 0.0 
62, 7.0750, 1.9745, 0.0 

64. 5.5015, 5.5016, 0.0 
65, 3.8417, 5.4583, 0.0 
66, 1.9745, 7.0760, 0.0 
67, 0.0, 7.2833, 0.0 
68, -1.9745, 7.0760, 0.0 
69, -3.8417, 5.4583, 0.0 

63, 6.4683. 3.8417. 0.0 

*NODE, NSET=DMB3 
101. 11.5000. 0.0. 0.0 

112,-11.1081. 2.9764. 0.0 
113.-11.5000. 0.0. 0.0 
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'NSET, NSET=DMB 
DMBl, DMB2, DMB3 

* *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

.ELEMENT, TYPE=S4R 
1. 1.2. 9. 8 
*ELGEN, ELSET=DMBA 
1. 6, 1, 1. 3. 7. 6 
'ELEMENT, TYPE=S4R, ELSET=DMBB 
21.7.41.42.14 
22, 14, 42, 43, 21 
23,21,43,44,28 
24, 28. 44. 45, 27 
25, 27. 45, 46, 26 
26, 26, 46, 47, 25 
27. 25, 47, 48, 24 
28, 24, 48, 49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51, 15 
31, 15, 51, 52, 8 
32, 8, 52. 53, 1 
41.41.61.62.42 
'ELGEN, ELSET=DMBB 
41, 12. 1, 1, 3, 20. 20 
*ELSET, ELSET=DMB 
DMBA, DMBB 
'SHELL SECTION, ELSET=OMB, MATERIAL=ST 
0.0478 

**  GENERATE THE DRUM 'CYLINDRICAL WALL 

* *  NODES 

'NCOPY.SHIFT.CHANGE NU =40,OLD SET= DMB3,NEW SET=Ll 

.. 

.f 

f .  

1. 

I. 

0.0.0.0. 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
.NCOPY,SHIFT,CHANGE NU =300,OLD SET=Ll,NEW SET=L2 
0.0, 0.0. 30.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU=40,0LD SET=L2,NEW SET=L3 
0.0, 0.0, 2.0 
o.o,o.o,o.o, 0.0,o.o. 1.0.0.0 
'NFILL, NSET=DMWl 
OMB3, Ll ,  2, 20 
*NFILL, NSET=DMW2 
L1, L2, 15, 20 
*NFILL, NSET=DMW3 
L2, L3, 2, 20 
*NODE, NSET=DMW4 
501. 11.5000, 0.0, 34.5 
701, 11.5000, 0.0, 35.0 
*NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLO SET=DMW4,NEW SET=DMW4 
0.0, 0.0, 0.0 
0.0, 0.0.0.0.0.0.0.0. 1.0, +15.00 
'NSET, NSET=DMW 
OMWl. DMW2, DMW3, DMW4 

* *  ELEMENTS 

*ELEMENT, TYPE=S4R, ELSET=DMWl 

'ELGEN. ELSET=DMWl 

1. .. 
101,101,121,122,102 

101, 12, 1, 1,2,20,20 
.ELEMENT, TYPE=S4R, ELSET=DMW2 
141, 141. 161. 162, 142 
'ELGEN, ELSET=DMWP 
141, 12, 1. 1, 15, 20. 20 
*ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441,461.462,442 
*ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2. 20, 20 
.ELEMENT, TYPE=S4R, ELSET=OMW4 
481,481,501,502,482 
501,501,701,702, 502 
*ELGEN. ELSET=DMW4 
481, 12, 1, 1 
501, 12, 1, 1 
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'ELSET, ELSET= DMW 
OMWl, DMWZ, DMW3, OMW4 
*SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.0478 

* *  GENERATE THE NODES OF DRUM LID 
L. 

.. 
SE1 =OMB,NEW 'NCOPY,SHIFT,CHANGE NU= 1000,OLD SET 

0.0. 0.0, 34.50 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
* *  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102. 10.1422, 2.7176, 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105. 5.2500, 9.0933, 34.50 
1106, 2.7176, 10.1422, 34.50 
1107, 0.0, 10.5000, 34.50 
1108. -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
1110, -7.4246. 7.4246. 34.50 
1111, -9.0933, 5.2500, 34.50 
1112.-10.1422. 2.7176, 34.50 
1113, -10.5000, 0.0, 34.50 

*' GENERATE THE DRUM LID 

'ELEMENT, TYPE=S4R 

*ELGEN, ELSET=DML4 
1001, 6, 1. 1, 3. 7, 6 
*ELEMENT, TYPE=S4R, ELSET=DMLB 
1021, 1007, 1041, 1042, 1014 
1022,1014,1042,1043,1021 
1023. 1021. 1043, 1044, 1028 
1024, 1028, 1044,1045,1027 
1025, 1027, 1045,1046,1026 
1026, 1026,1046,1047,1025 
1027,1025, 1047,1048.1024 
1028, 1024,1048,1049,1023 
1029. 1023, 1049,1050, 1022 
1030,1022,1050,1051,1015 
1031, 1015, 1051, 1052, 1008 
1032, 1008, 1052,1053, 1001 
'ELEMENT, TYPE=S4R 
1041, 1041, 1061, 1062, 1042 
*ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2, 20. 20 
*ELEMENT, TYPE=S4R 
1081.1081,1101,1102,1082 
'ELGEN, ELSET=DMLO 
1081. 12.1, 1 
*ELSET. ELSET= DML 
DMLA, DMLB, DMLC. DMLD 
'SHELL SECTION. ELSET=DML. MATERIAL=ST 
0.0478 
'NSET. NSET=OM 
DMB, DMW, DML 
*ELSET, ELSET=DM 
DMB, DMW, OML 

.. 
f.  

1001,1001,1002,1009,100s 

.........................*...............*.... 

:OML 

* *  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

'NODE, NSET=RING 
601, 11.7500. 0.0, 34.0670 
621. 11.9330. 0.0, 34.2500 
641, 12.0000. 0.0, 34.5000 
661, 11.9330, 0.0. 34.7509 
681, 11.7500. 0.0. 34.9330 
701. 11.5000, 0.0. 35.0000 
721, 11.2500. 0.0. 34.9330 
741, 11.0670, 0.0. 34.7500 
'NCOPY.SHIFT.MULTIPLE= 12,CHANGE NU= + 1,OLO SET=RING,NEW SET=RING 

..........................**......*........... 

0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0, 1.0, +15.00 
'ELEMENT, TYPE=S4R 
601, 481,482,602,601 
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621, 601, 602, 622. 621 
721, 701, 702,722.721 
761, 741, 742. 1102. 1101 
*ELGEN, ELSET=RINGl 
601, 12, 1, 1 
621, 12, 1, 1, 5, 20. 20 
*ELGEN, ELSET=RING2 
721, 12. 1, 1, 2, 20. 2 0  
761, 12, 1, 1 
'ELSET, ELSET=RING 
RINGl, RING2 
*SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RINGP. MATERIAL=ST 

?2:* ............ ..... *.*. . . I .*  

**  CLOSING RING BOLT 

'NODE, NSET=BOLT 
1501, 11.500. 0.0, 34.500 
1502, 11.500, 0.5, 34.500 
'ELEMENT, TYPE=T302, ELSET=BOLT 
1501, 1501, 1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 
'MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
'EQUATION 
2 

...*.*....... I........."...... 

1501.1.1.0.1 502.1.-1 .O 
'EQUATION 
2 
1501.3.1.0.1 502.3.-1.0 

**  PAYLOAD 

*NODE, SYSTEM=R 
'NODE 
2001, -4.0, 0.0. 0.024 
2005. 4.0, 0.0. 0.024 
2011, -4.0, 4.0, 0.024 
2015, 4.0, 4.0, 0.024 
*NGEN, NSET=LINEC 
2001,2005,l 
*NGEN, NSET=LINED 
2011, 2015, 1 
*NFILL. NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE. NSET=PAYBZ 
2021. 7.625, 0.0, 0.024 
2022. 7.1968. 3.1526, 0.024 
2023, 5.9775, 5.9775. 0.024 
2024. 3.1526. 7.1968, 0.024 
2025, 0.0, 7.625. 0.024 
2026, -3.1526, 7.1968, 0.024 
2027, -5.9775, 5.9775. 0.024 
2028, -7.1968. 3.1526, 0.024 
2029, -7.625. 0.0, 0.024 
'NODE. NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052, 0.024 
2033, 7.9550, 7.9550, 0.024 
2034, 4.3052, 10.394, 0.024 
2035. 0.0. 11.25, 0.024 
2036, -4.3052, 10.394, 0.024 
2037, -7.9550, 7.9550, 0.024 
2038, -10.394, 4.3052, 0.024 
2039, -11.25, 0.0, 0.024 
*NSET, NSET=PAYB 
PAYBl, PAYB2, PAYBS 
*ELEMENT, TYPE=S4R 
2001,2001,2002,2007,2006 
'ELGEN, ELSET = PAYBl 
2001.4.1.1.2.5.5 

.............................. 
*........................ l.... 
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*ELEMENT. TYPE=S4R, ELSET=PAYBP 
201 1, 2005, 2021. 2022, 2010 
2012.2010,2022,2023. 2015 
2013, 2015,2023, 2024,2014 
2014, 2014,2024,2025,2013 
2015, 2013, 2025, 2026, 2012 
2016. 2012, 2026,2027. 2011 
2017,201 1,2027. 2028,2006 
2018,2006,202S. 2029,2001 
*ELEMENT, TYPE=S4R 
2021,2021,2031, 2032. 2022 
.ELGEN, ELSET=PAYBZ 
2021. 8, 1, 1 
*ELSET, ELSET=PAYB 
PAYBl, PAYBP 
*SHELL SECTION, ELSET=PAYB, MATERIAL=PAYLD 
0.0478 
. I . . .  

'NCOPY,SHIFT.CHANGE NU= 100,OLD SET=PAYEB.NEW SET=PAYWl 
0.0.0.0,33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NFILL, NSET=PAW 
PAYE3. PAYWl, 10.10 
'ELEMENT, TYPE=S4R 
2031,2031, 2041, 2042,2032 
'ELGEN. ELSET=PAYW 
2031.8, 1, 1, 10, 10, 10 
'SHELL SECTION, ELSET= P A W .  MATERIAL=PAYLD 
0.0478 

'NCOPY,SHIFT,CHANGE NU=POO.OLD SET=PAYB,NEW SET=PAYT 
0.0, 0.0, 33.25 
o.o,o.o,o.o,o.o,o.o, 1.0,o.o 
*ELEMENT, TYPE=S4R 
2201, 2201,2202, 2207, 2206 
'ELGEN, ELSET=PAYTl 
2201, 4, 1, 1, 2, 5, 5 
'ELEMENT, TYPE=S4R, ELSET=PAYT2 
2211,2205,2221.2222.2210 
2212,2210,2222,2223,2215 
2213, 2215,2223, 2224,2214 
2214, 2214,2224, 2225. 2213 
2215,2213,2225,2226,2212 
2216, 2212.2226, 2227, 2211 

2218, 2205, 2228, 2229. 2201 
*ELEMENT, TYPE=S4R 
2221, 2221, 2131. 2132, 2222 
'ELGEN, ELSET = PAYT2 
2221.8. 1, 1 
*ELSET, ELSET=PAYT 
PAYTl. PAYTZ 
*ELSET, ELSET=PAY 
PAYB. PAYW. PAYT 
*NSET, NSET=PAY 
PAYB. P A W .  PAYT 
'SHELL SECTION, ELSET = PAYT, MATERIAL= PAYLD 
0.0478 

*. 
I* 

*NODE, SYSTEM=R 
'NODE, NSET=Cl 
160001, -60.0, 0.0. -8.0 
'NODE, NSET=CZ 
160004. -45.0, 0.0. -8.0 
'NODE, NSET= C3 
160034, 45.0, 0.0. -8.0 
*NODE, NSET=C4 
160037, 60.0, 0.0. -8.0 
'NFILL, NSET=LINEl 
c1, c2.3 
CZ, C3, 3 0  
c3, c4, 3 
*NCOPY,SHIFT,CHANGE NU = 500,OLD SET=LINEl ,NEW SET=LINEP 
0.0, 30.0, 0.0 
o.o,o.o, 0.0.0.0, 0.0, 1.0,o.o 

.**.I) 

22~7.2211.2227.222a. 2206 

...I. 

GENERATE THE ELEMENTS OF CONCRETE PAD 
10' X lo' RECTANGULAR HALF SECTION (NO INFI .. 
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'NCOPY,SHIFT,CHANGE NU = 300,OLD SET= LINE2,NEW SET=LINE3 
0.0. 30.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=CONCl 
LINEl, LINE2, 10, 50 
LINEP, LINE% 6, 50 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCl ,NEW SET=CONCP 
0.0.0.0, 2.0 
o.o,o.o, 0.0, o.o,o.o, 1.0,o.o 
*NCOPY,SHIFT,CHANGE NU= 2000,OLD SET=CONCZ,NEW SET=CONC3 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT.CHANGE NU = 2000,OLD SET= CONC3,NEW SET= CONC4 
0.0, 0.0. 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
.NCOPY.SHIFT,CHANGE NU =2000,OLD SET= CONC4,NEW SET= CONCl 
0.0.0.0. 2.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 
'NSET,NSET= CONCO 
CONCl, CONC2, CONC3, CONC4, CONC5, .. 

GENERATE THE SOIL NODES .. 
*NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET-SOIL1 
0.0, 0.0, -50.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY. SHIFT, CHANGE NU=2000, OLD SET=SOILl, NEW SET=SOIL2 
0.0.0.0. f20.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0.0.0, +10.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 

0.0, 0.0. + 10.0 
o.o,o.o, 0.0.0.0, 0.0, 1.0, 0.0 
*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOIL5 
0.0, 0.0, +5.0 
o.o,o.o, o.o,o.o, 0.0. 1.0,o.o 
*NSET,NSET=SOILO 
SOIL1, SOlL2, SOIL3. SOlL4, SOIL5 

'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILP, NEW SET=SOIL3 

*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL3, NEW SET=SOIL4 

1. 

* *  GENERATE THE INCLINED IMPACT SURFACES 

*NCOPY,SHIFT,CHANGE NU =-100000,OLD SET= CONC0,NEW SET= CONC 
12.000. 0.. 34.8 
12.000, 0.. 34.8, 12.000, 1.. 34.8,-146.31 
*NCOPY,SHIFT, CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.000, 0.. 34.8 
12.000.0.. 34.8, 12.000. 1.. 343-146.31 

.. 

.. 
** CONCRETE PAD ELEMENl 

'ELEMENT. TYPE=CSDBR 
60001,60001, 60002, 60052, 60051,62001,62002,62052,62051 
'ELGEN, ELSET = CONCl 
60001, 36, 1, 1, 16, 50, 50 
'ELCOPY.OLD SET=CONCl,NEW SET=CONCP,ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY,OLD SET=CONCZ.NEW SET=CONCB.ELEMENT SH =2000,SHIFT NO= 2000 
'ELCOPY,OLD SET= CONC3,NEW SET=CONC4,ELEMENT SH = 2000,SHIFT NO= 2000 

.I 

'ELSET, ELSET= CONC 
CONCl, CONCP, CONC3, CONC4, 
*SOLID SECTION, ELSET=CONC, MATERIAL=CONCRETE .. 
'* GENERATE REBARS 

'REBAR.ELEM = CONTINUUM.MAT= REBAR.GE0M =ISOPARAMETRIC.NAME=LX 
I. 

C0NC1.0.60.12.0.0.0.1.0.4.2 
*REBAR,ELEM =CONTINUUM,MAT=REBAR.GEOM= ISOPARAMETRIC,NAME= LY 
CONCl,O.6O,12.0,90.,1.0,4.2 
*REBAR.ELEM = CONTINUUM,MAT= REBARGEOM =ISOPARAMETRIC,NAME=UX 
CONC4.0.60.12.0.0.0.0.0.4.2 
*REBAR,ELEM = CONTINUUM,MAT = REBAKGEOM = 1SOPARAMETRIC.NAME = UY 
CONC4,0.60,12.0.90.,0.0,4,2 .. 
* *  GENERATE THE SOIL 

*ELCOPY.OLD SET=CONCl.NEW SET=SOILl,ELEMENT SH = 20000,SHIFT NO= 20000 
'ELCOPY.OL0 SET=SOILl,NEW SET=SOILP,ELEMENT SH=2000,SHIFT NO=2000 

.. 
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*ELCOPY,OLO SET=SOILZ,NEW SET=SOILB,ELEMENT SH=2000,SHIFT NO=2000 
*ELCOPY,OLD SET=SOIL3,NEW SET=SOIL4,ELEMENT SH=2000,SHIFT NO=2000 
'ELEMENT, TYPE=C3D6, ELSET=SOILB 
'ELEMENT, TYPE=C3D8R 
88001, 88001, 88002, 88052, 88051, 60001, 60002, 60052,60051 
"ELGEN, ELSET=SOIL5 
88001, 36, 1, 1, 16, 50, 50 
'ELSET, ELSET=SOIL 
SOlLl, SOIL2. SOIL3, 50114. SOIL5 
'SOLID SECTION, ELSET=SOIL, MATERIAL=SOIL 
..*..I.....* *...*.. 
1. 

* *  ASTMA36 
I .  

*MATERIAL, NAME=Sl 
'ELASTIC 
29.016, 0.3 
'PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.50521-4 
*FAILURE 
0.30. 0.25 

*. CLOSING RING BOLT MATERIAL 
**  ASTM A307, GR. C 

*MATERIAL, NAME=BOLT 
.ELASTIC 
29.086. 0.3 
'PLASTIC 
36000.0, 0.0 
60000.0, 0.23 
*DENSITY 
7.505284 
*MATERIAL, NAME=PAYLD 
'ELASTIC 
29.0E6, 0.3 
'DENSITY 
0.02437 
*mate,ia1,mme =cO"cret* 
* *  4000 PSI CONCRETE 
*density 
1.95E-04 
'elastic 

.. 

.. 

3.6E+06,0.15 
'drucker prager 
35.1.1.0.35.1 
*drucker prager hardening 
2250.,0.0 
3900.,0.0013 
3000..0.0024 
2400.,0.0034 
1790.,0.0044 
11 80.,0.0054 
800.,0.006 
100.,0.006 1 
*material,name=~~il 
*density 
1.647804 
*elastic 
5700..0.35 
.drucker prager 
35.2.0.82.35.2 
'drucker prager hardening 
2.0.0.0 
6.54.0.0055 
8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
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10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 .. 
*. REBAR STEEL 

*MATERIAL, NAME=REBAR 
*DENSITY 
7.34E.4 
.ELASTIC 
29.5E6.0.30 
'PLASTIC 
71 170.. 0.0 
71 626.. 0.004985 

.I 

10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 .. 
*. REBAR STEEL 
.I 

*MATERIAL, NAME=REBAR 
*DENSITY 
7.34E.4 
.ELASTIC 
29.5E6.0.30 
'PLASTIC 
71 170.. 0.0 
71 626.. 0.004985 
83130.; 0.017098 
96460.. 0.036202 
104728,. 0.0551 13 
109080.. 0.073795 
*"FAILURE 
**0.30, 0.03 

* *  ELEMENT SET DEFINITIONS 

*ELSET,ELSET=ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 

*' NODE SET DEFINITIONS 

.* 

.. 

.. 
f. 

*NSET.NSET=YSYMM,GENERATE 
60001.60037.1 
62001 32037.1 
64001 34037.1 
66001.66037.1 
68001.68037.1 
80001.80037.1 
82001.82037.1 
84001.84037.1 
86001.86037.1 
88001.88037.1 
'NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81.93, 12 
101, 501, 20 
113, 513, 20 
61 3,693, 20 
701.741.20 
713, 753, 20 
1001,1007, 1 
1041, 1053, 12 
1061, 1073,12 
1081, 1093, 12 
1101,1113.12 
1501, 1501, 1 
2001,2005,l 
2021.2029.8 
2031. 2131. 10  
2039,2139,lO 
2201,2205,l 
2221,2229, 8 
.NSET,NSET = SOILBT,GENERATE 
80001,80837.1 
*NSET,NSET=CONC5,GENERATE 
68001.68837.1 
*BOUNDARY 
YSYMM,YSYMM 
SOILBT.l.3 

*INITIAL CONDITIONS,TYPE=VELOClTY 
ALWD.1.292.88 

........*.....I......* 
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ALLND.3.439.32 
*STEP 
*DYNAMIC,EXPLICIT 
20.OE-03 

* *  
.* 

f "  

DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM BOTTOM AND TARGET 

.I(  

THICK 

DMLSPOS 
'CONTACT PAIR 
CONC4T.DMOUT 

* *  
* *  

.. 
DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM INSIDE AND PAYLOAD OUTSIDE .. 

'SURFACE DEFINITION,NAME= DMINS,NO THICK 
DMBSPOS 
DMW1,SPOS 
DMWPSPOS 
DMW3,SPOS 
DMW4,SPOS 
RING2,SNEG 
DML,SNEG 
*SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAWSNEG 
PAYT,SPOS 
TONTACT PAIR 
DMINS,PAYOUT .............................. 
.NSET,NSET=OMDIS,GENERATE 
4.4.1 
1004.1 004,l 
661.661.1 
101.1 13.3 
301.313.3 
541.553.3 
*ELSET,ELSET = DMBST,GENERATE 
61.66.1 
81.86.1 
*ELSET,ELSET = DMBST 
DMBA, 
'ELSET,ELSET = DMWST.GENERATE 
101.106.1 
121,126.1 
141,421.20 
142.422.20 
143,423.20 
441.446.1 
461.466.1 
481,486.1 
501,506.1 
*ELSET,ELSET = DMLST,GENERATE 
1061.1066.1 
1081.1 086.1 
'ELSET.ELSET= DMLST 
OMLA, 
*ELSET.ELSET = RINGST,GENERATE 
601.606.1 
621,626.1 
641.646.1 
661,666,l 
681.686.1 
701,706.1 
721,726.1 
741.746.1 
761,766.1 
'ELSET,ELSET = BOLTST,GENERATE 
1501.1 501.1 .............................. 

\ 
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*HISTORY OUTPUT, TIME= 5.E-5 
'NODE HISTORY, NSET=DMDIS 
U. V. A 
*EL HISTORY, ELSET=DMEST 
MISES, 
PEEQ, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMWST 
MISES, 
PEEQ, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMLST 
MISES, 
PEEQ, 
SENER, 
PENER, 
*EL HISTORY, ELSET=RINGST 
MISES, 
PEEQ, 
SENER, 
PENER. 
.EL HISTORY, ELSET=BOLTST 
MISES, 
PEEO, 
SENER, 
PENER, 
*FILE OUTPUT, NUMBER INTERVAL= 100 
*NODE FILE 
RF. 
*MONITOR,NODE= 307,DOF= 3 
'END STEP 
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@ CHECKLIST FOR CHECKING OF ANALYSIS/CALCULATIONS 
*IvyH 

Document NumberlRevision: HN F-2209lRev. 0 

Document Title: 

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysislcalculation and it is complete and accurate to the best of my 
tnowledge. 

ingineer/Checker Scott Sh Date 09/01 198 

UOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
o this ChBcklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 
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7.7.1.7 55-Gal Druml3O-MiI Wall Thickness 30-Ft Top-Corner Drop. 

*HEADING 
FILE=DTCIOX 3/18/98 
55 GALLON DRUM130 MIL THICKNESS, 30 MPH (30-FTl TOP CORNER DROP 

'RESTART, WRITE, NUMBER INTERVAL= 10 .. *............*..."..... 
**  DRUM 
...............I. I . .***** 

I ) .  

* *  GENERATE THE NODES OF DRUM BOTTOM PLATE 

'NODE, SYSTEM=R 
.NODE 
1, -3.6, 0.0, 0.0 
7, 3.6, 0.0. 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
'NGEN, NSET=LINEA 
1 . 7 . 1  

.. 

'NGEN, NSET=LINEB 
22. 28, 1 
'NFILL, NSET=DMBl 
LINEA, LINEB, 3, 7 
'NODE, NSET=DMBZ 
41, 5.4417. 0.0, 
42, 5.3380, 1.5872. 
43, 5.0342, 3.1208, 
44, 4.5508, 4.5508, 
45, 3.1208. 5.0342, 
46, 1.5872, 5.3380, 
47, 0.0, 5.4417. 
48, -1.5872, 5.3380, 
49, -3.1208, 5.0342, 
50, -4.5508, 4.5508, 
51. -5.0342, 3.1208, 
52, -5.3380, 1.5872, 
53, -5.4417, 0.0, 
61, 7.2833, 0.0, 
62, 7.0760, 1.9745, 
63, 6.4683, 3.8417. 
64, 5.5016, 5.5016, 
65. 3.8417, 6.4683, 
66, 1.9745, 7.0760, 
67, 0.0, 7.2833, 
68, -1.9745, 7.0760. 
69, -3.8417, 6.4683, 
70. -5.5016, 5.5016, 
71. -6.4683, 3.8417. 
72, -7.0760, 1.9745, 
73. -7.2833, 0.0, 
81, 9.6000, 0.0, 
82. 9.2729, 2.4847. 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 

83, 8.3138, 4.8000, 0.0 
84, 6.7882, 6.7882. 0.0 
85. 4.8000, 8.3138, 0.0 
86, 2.4847. 9.2729. 0.0 
87 0 0  9.6000. 0.0 . .  ~~. ~ . 
88, -2.4847, 9.2729, 0.0 
89, -4.8000, 8.3138. 0.0 
90. -6.7882, 6.7882, 0.0 
91, -8.3138, 4.8000, 0.0 
92, -9.2729, 2.4847, 0.0 
93, -9.6000, 0.0, 0.0 
'NODE, NSET=DMB3 
101, 11.5000. 0.0, 0.0 
102. 11.1081. 2.9764. 0.0 
103. 9.9593, 5.7500, 0.0 
104, 8.1317, 8.1317, 0.0 
105, 5.7500, 9.9593. 0.0 
106. 2.9764, 11.1081, 0.0 
107, 0.0, 11.5000, 0.0 
108, -2.9764, 11.1081. 0.0 
109, -5.7500. 9.9593, 0.0 
110, -8.1317, 8.1317, 0.0 
111, -9.9593, 5.7500, 0.0 
112,-11.1081. 2.9764, 0.0 
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113,-11.5000, 0.0. 0.0 
*NSET, NSET=DMB 
DMBl, OMBP, DMB3 

* *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

'ELEMENT, TYPE=S4R 

*ELGEN, ELSET=DMBA 

.* 

.. 
1, 1.2.9.8 

, ELSET=DMBB 

28; 24; 48; 49, 23 
29, 23, 49, 50, 22 
30,22, 50, 51, 15 
31, 15. 51, 52. 8 

0.030 

*. GENERATE THE DRUM CYLINDRICAL WALL 

* *  NODES 

.. 

. I  

.* 
*NCOPY,SHIFT,CHANGE NU =40,OLD SET=DMBB,NEW SET=Ll 
0.0, 0.0, 2.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 
.NCOPY,SHIFT,CHANGE NU=BOO,OLD SET=Ll,NEW SET=L2 
0.0, 0.0, 30.0 
o.o,o.o, o.o,o.o, 0.0, 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU=IO,OLD SET=LS,NEW SET=L3 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NFILL, NSET=DMWl 
DMB3, L1, 2, 20 
'NFILL, NSET=DMW2 
L1. L2, 15.20 
*NFILL, NSET=DMW3 
L2, L3, 2, 20 
'NODE, NSET=DMW4 
501. 11.5000. 0.0, 34.5 
701, 11.5000, 0.0, 35.0 
*NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=OMW4 
0.0. 0.0. 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
*NSET, NSET=DMW 
DMWl, DMW2. DMW3. DMW4 

**  ELEMENTS 
.. 
f.  

'ELEMENT, TYPE=SIR, ELSET=DMWl 
101.101,121,122,102 
.ELGEN, ELSET=DMWl 
101,12, 1, 1,2, 20.20 
'ELEMENT, TYPE=S4R, ELSET=DMWP 
141, 141, 161,162,142 
*ELGEN, ELSET=DMWP 
141, 12, 1, 1, 15, 20. 20 
.ELEMENT. TYPE=S4R. ELSET=DMW3 
441,441,461,462,442 
.ELGEN, ELSET=DMW3 
441, 12. 1, 1, 2, 20. 20 
'ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481,501, 502,482 
501, 501, 701, 702. 502 
*ELGEN, ELSET=DMW4 
481, 12, 1, 1 

,NEW ' SEl :DMW4 
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501, 12. 1, 1 
'ELSET, ELSET=DMW 
DMWl. DMW2, DMW3, DMW4 
'SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.030 

* *  GENERATE THE NODES OF DRUM LID 

*NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=DMB,NEW SET=DML 
0.0. 0.0, 34.50 

*+  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102, 10.1422, 2.7176, 34.50 
1103, 9.0933, 5.2500. 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176, 10.1422. 34.50 
1107. 0.0, 10.5000, 34.50 
1108. -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
11 10, -7.4246, 7.4246. 34.50 
11 11, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176, 34.50 
1113, -10.5000. 0.0. 34.50 

* *  GENERATE THE DRUM LID 

I ) .  

.. 
o.o,o.o, 0.0.0.0, 0.0, 1.0, 0.0 

f.  

1. 

:DMLB 

MATERIAL =ST 
0.030 
*NSET, NSET=DM 
DMB, DMW, DML 
'ELSET, ELSET=DM 
DMB, DMW, DML 

* *  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

.NODE, NSET=RING 
601, 11.7500, 0.0. 34.0670 
621, 11.9330. 0.0. 34.2500 
641, 12.0000, 0.0. 34.5000 
661, 11.9330, 0.0, 34.7500 
681, 11.7500, 0.0, 34.9330 
701, 11.5000, 0.0. 35.0000 ' 

721. 11.2500. 0.0. 34.9330 
741, 11.0670, 0.0, 34.7500 
*NCOPY,SHIFT.MULTIPLE= 12,CHANGE NU= + 1,OLO SET=RING,NEW SET=RING 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0, 0.0, 1.0, +15.00 
"ELEMENT, NPE=S4R 

..........................I......*............ 

..........*.*......................*. "e."..... 

87-1 38 



HNF-2209, Rev. 0 

601,481,482, 602, 601 
621,601,602,622, 621 
721,701,702, 722, 721 
761,741,742.1102.1101 
'ELGEN, ELSET=RINGl 
601, 12, 1, 1 
621, 12, 1, 1, 5, 20. 20 
*ELGEN, ELSET=RINGZ 
721. 12, 1, 1, 2, 20. 20 
761, 12, 1, 1 
'ELSET. ELSET=RING 
RINGl, RING2 
'SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
.SHELL SECTION, ELSET=RING2, MATERIAL=ST 
0.35 
.......I.*..... *".......I..... 

CLOSING RING BOLT If ...... . . . . . . . . . . . . . . . . . . . . . . . .  

'NODE. NSET=BOLT 
1501, 11.500, 0.0. 34.500 
1502, 11.500, 0.5, 34.500 
'ELEMENT. NPE=T3D2, ELSET=BOLT 
1501, 1501, 1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 
'MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
*EQUATION 
L 
1501.1.1.0.1502.1.-1.0 
.EQUATION 
2 
1501.3.1.0.1502.3.-1.0 ...............*.............. 
* *  PAYLOAD 

*NODE. SYSTEM=R 
..........*...............*. " f  

"M""L 

2001. -4.0, 0.0. 0.024 
2005, 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015. 4.0. 4.0. 0074 .- 
~NGEN. NSET=LINEC 
2001.2005.1 
'NGEN. NSET=LINED 
2011. 2015, 1 
*NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
*NODE, NSET=PAYBZ 
2021, 7.625, 0.0, 0.024 
2022. 7.1968. 3.1626. 0.024 
2023, 5.9775. 5.9775, 0.024 
2024. 3.1526, 7.1968. 0.024 
2025, 0.0. 7.625. 0.024 
2026, -3.1526, 7.1968. 0.024 
2027, -5.9775. 5.9775, 0.024 
2028, -7.1968, 3.1526, 0.024 
2029. -7.625, 0.0, 0.024 
'NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394. 4.3052, 0.024 
2033. 7.9550. 7.9550, 0.024 
2034, 4.3052, 10.394, 0.024 
2035, 0.0, 11.25, 0.024 
2036, -4.3052, 10.394, 0.024 
2037, -7.9550, 7.9550, 0.024 
2038, -10.394, 4.3052, 0.024 
2039, -11.25, 0.0, 0.024 
'NSET. NSET=PAYB 
PAY81. PAY82. PAY83 
*ELEMENT, TYPE=S4R 
2001, 2001,2002,2007, 2006 
'ELGEN, ELSET=PAYBl 
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2001.4, 1, 1, 2, 5, 5 
'ELEMENT, TYPE=S4R, ELSET=PAYBP 
2011,2005,2021,2022,2010 
2012,2010,2022,2023,2015 
2013,2015,2023,2024,2014 
2014,2014,2024,2025. 201 3 
201 5,201 3,2025,2026.201 2 
2016, 2012,2026,2027, 201 1 
2017,2011,2027,2028, 2006 
201 8.2006,2028,2029,2001 
'ELEMENT, TYPE=S4R 
2021,2021,2031,2032,2022 
'ELGEN, ELSET=PAYBZ 
2021.8. 1, 1 
'ELSET, ELSET=PAYB 
PAYBl, PAY02 
*SHELL SECTION, ELSET = PAYB, MATERIAL = PAYLD 
0.030 

*NCOPY,SHIFT,CHANGE NU= 100,OLD SET=PAYBI.NEW 
.*..* 

SET '=PAYWl 

2031, 8, 1, 1, 10, 10, 10 
*SHELL SECTION, ELSET = PAYW, MATERIAL = PAYLD 
0.030 
. . . I .  

*NCOPY,SHIFT,CHANGE NU = 200,OLD SET= PAY0,NEW SET=PAYT 

2201.4.1.1.2.5.5 
*ELEMENT, TYPE=S4R. ELSET=PAYT2 
2211,2205,2221,2222,2210 
2212,2210,2222,2223,2215 
2213. 2215,2223,2224,2214 
2214,2214,2224,2225.2213 
2215. 2213,2225,2226, 2212 
2216, 2212,2226,2227. 2211 
2217. 221 1, 2227,2228,2206 
2218, 2206, 2228,2229, 2201 
'ELEMENT, TYPE=S4R 
2221, 2221, 2131,2132, 2222 
*ELGEN, ELSET = PAYTZ 
2221.8. 1, 1 
'ELSET, ELSET=PAYT 
PAYTI, PAYT2 
*ELSET, ELSET=PAY 
PAYE. PAYW. PAYT 
'NSET, NSET=PAY 
QAYB. P A W .  PAYT 
*SHELL SECTION, ELSET = PAYT, MATERIAL = PAYLO 
0.030 

**  GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  10' X lo' RECTANGULAR HALF SECTION (NO INFI 

*NODE, SYSTEM=R 
*NODE, NSET=Cl 
160001, -60.0, 0.0. -8.0 
'NODE, NSET=C2 
160004, -45.0, 0.0, -8.0 
'NODE, NSET=C3 
160034, 45.0, 0.0, -8.0 
'NODE, NSET=C4 
160037, 60.0, 0.0, -8.0 
*NFILL, NSET=LINEl 
c1. c2.3 
C2, C3. 3 0  
c3, c4, 3 
'NCOPY,SHIFT,CHANGE NU=BOO.OLD SET=LINEl,NEW SET=LINEZ 
0.0. 30.0, 0.0 

....I 

.. 
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0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU = 300,OLO SET=LINEZ,NEW SET=LINE3 
0.0, 30.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=CONCl 
LINEl, LINE?, 10, 50 
LINE2, LINE3, 6, 50 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCl ,NEW SET= CONC2 
n n. 0.0. 2.0 . . , . . , - . 
o.o,o.o,o.o,o.o,o.o. 1.0.0.0 

0.0.0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0,0.0,2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCZ,NEW SET= CONC3 

'NCOPY.SHIFT,CHANGE NU = 2000,OLD SET= CONC3,NEW SET= CONC4 

'NCOPY,SHIFT.CHANGE NU = 2000,OLD SET= CONC4,NEW SET= CONC5 

* *  GENERATE THE SOIL NODES 

'NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0. 0.0. -50.0 

I .  

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY, SHIFT, CHANGE NU=2000, 
0.0, 0.0. +20.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY, SHIFT, CHANGE NU=2000, 
0.0, 0.0, + 10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY, SHIFT, CHANGE NU=2000, 
0.0.0.0. c10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY. SHIFT, CHANGE NU=2000, 

OLD SET=SOILl, NEW SET=SOIL2 

OLD SET=SOIL2, NEW SET=SOIL3 

OLD SET=SOIL3, NEW SET=SOIL4 

OLD SET=SOIL4, NEW SET=SOIL5 

GENERATE THE INCLINED IMPACT SURFACES .. 
.NCOPY.SHIFT.CHANGE NU =-100000,OLD SET= CONC0,NEW SET= CONC 
12.000.0.. 34.8 
12.000. 0.. 34.8. 12.000. 1.. 34.8,-146.31 
*NCOPY,SHIFT, CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.000. 0.. 34.8 
12.000.0.. 34.8, 12.000. 1.. 34.8,-146.31 
I.  

* *  CONCRETE PAD ELEMENT 

*ELEMENT, TYPE=CODSR 
60001, 60001, 60002,60052, 60051, 62001,62002,62052,62051 
'ELGEN, ELSET=CONCl 
60001,36, 1, 1, 16, 50, 50 
'ELCOPY.DL0 SET=CONCl.NEW SET=CONCZ,ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY.OLD SET=CONCZ,NEW SET=CONC3,ELEMENT SH=2000,SHIFT NO=2000 
.ELCOPY,OLD SET=CONCB,NEW SET=CONC4,ELEMENT SH = 2000,SHIFT NO =ZOO0 
*ELSET, ELSET=CONC 
CONCl, CONCP, CONC3, CONC4, 
*SOUD SECTION, ELSET= CONC, MATERIAL=CONCRETE 

.. 

.. 
GENERATE REBARS 

.I 

*REBAR,ELEM = CONTINUUM,MAT= REBAR,GEOM =ISOPARAMETRIC,NAME=LX 
CONC1.0.60.12.0.0.0.1.0.4.2 
*REBAR.ELEM =CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= LY 
CONCl.0.60,12.0,90.,1.0,4,2 
.REBARELEM =CONTINUUM,MAT= REBARGEOM =ISOPARAMETRIC.NAME= UX 
C0NC4.0.60.12.0.0.0.0.0.4.2 
*REBAR.ELEM = CONTINUUM,MAT= REBARGEOM = ISOPARAMETRIC,NAME= UY 
C0NC4,0.60,12.0,90.,0.0,4,2 

* *  GENERATE THE SOIL 

*ELCOPY,OLD SET=CONCl.NEW SET=SOILl,ELEMENT SH=20000,SHIFT NO=20000 

.. 

.. 
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*ELCOPY,OLD SET=SOILl.NEW SET=SOILP,ELEMENT SH=2000,SHIFT NO=2000 
*ELCOPY.OLO SET= SOIL2,NEW SET=SOILS.ELEMENT SH= 2000,SHIFT NO =ZOO0 
'ELCOPY,OLD SET= SOIL3,NEW SET=SOIL4,ELEMENT SH= 2000,SHIFT NO =ZOO0 
*ELEMENT, TYPE=C3D6, ELSET=SOIL5 
*ELEMENT, TYPE=CIDBR 
88001,88001,88002,88052,88051,60001,60002,60052,60051 
'ELGEN, ELSET=SOILI 
88001. 36, 1, 1, 16, 50, 50 
*ELSET, ELSET=SOIL 
SOILl, SOIL2, SOIL3, S01L4, SOIL5 
'SOLID SECTION, ELSET=SOIL. MATERIAL=SOIL .. *......*...*XX1.. .. 

ASTM A36 .. 
*MATERIAL, NAME=ST 
*DENSITY 
7.5052E-4 
*ELASTIC 
29.0E6, 0.3 
.PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'FAILURE 
0.30, 0.25 

* *  CLOSING RING BOLT MATERIAL 
* *  ASTM A307. GR. C 

.. 

.. 
*MATERIAL, NAME=BOLT 
*DENSITY 
7.5052E.4 
*ELASTIC 
29.016.0.3 
'PLASTIC 
36000.0, 0.0 
60000.0, 0.23 
*MATERIAL, NAME=PAYLD 
*DENSITY 
0.01110 
'ELASTIC 
29.0E6, 0.3 
*materialln8me = concrete 
* *  4000 PSI CONCRETE 
*density 
1.95E-04 
*elastic 
3.6E+06,0.15 
'drucksr prager 
35.1.1.0.35.1 
.drucker pragar hardening 
2250..0.0 
3900.,0.0013 
3000..0.0024 
2400.,0.0034 
1790.,0.0044 
1180.,0.0054 
800.,0.006 
100.,0.0061 
*materid,name = so11 
+density 
1.6471-04 
'elastic 
5700.,0.35 
*drUCker piager 
35.2.0.82.35.2 
'drueker prager hardening 
2.0.0.0 
6.54.0.0055 
8.64;0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
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11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 

1. REBAR STEEL 

*MATERIAL, NAME=REBAR 
'DENSITY 
7.3484 
*ELASTIC 
29.5E6, 0.30 
*PIASTIC 
71 170.. 0.0 
71 626.. 0.004985 
83130.. 0.01 7098 
96460.. 0.036202 
104728.. 0.055113 
109080.. 0.073795 
**'FAILURE 
'*0.30, 0.03 

I *  ELEMENT SET DEFINITIONS 

*ELSET,ELSET = ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 

* *  NODE SET DEFINITIONS 

.. 

. I  

.. 
1. 

.* 

.. 
'NSET,NSET =ALLND 
DMB. DMW, DML 
RING, BOLT 
PAY, 
*NSET.NSET=YSYMM,GENERATE 

'NSET,NSET =ALLND 
DMB. DMW, DML 
RING, BOLT 
PAY, 
*NSET.NSET=YSYMM,GENERATE 
60001.60037.1 
62001 32037.1 
64001,64037.1 
66001.66037.1 
68001.68037.1 
80001.80037.1 
82001,82037.1 
84001.84037.1 
86001.86037.1 
88001.88037.1 
*NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81, 93, 12 
101, 501, 20 
113. 513. 20 
613; 693,20 
701,741, 20 

. .  
1101, 1113, 12 
1501,1501,l 
2001, 2005, 1 
2021, 2029. 8 
2031,2131, 10 
2039, 2139, 10 
2201. 2205, 1 
2221, 2229, 8 
'NSET.NSET= SOILBT.GENERATE 
80001.80837.1 
*NSET,NSET= CONC5,GENERATE 
68001 38837.1 
.BOUNDARY 
YSYMM,YSYMM 
SOILBT.l.3 .,*.*..........*....*. 
'INITIAL CONDITIONS,TYPE=VELOClTY 
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ALLND.l.292.88 
ALLND.3.439.32 
*STEP 
" 0YNAMIC.EXPLICIT 
,2O.OE-O3 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM BOTTOM AND TARGET 

.. 

.. 
'SURFACE DEFINITION,NAME=CONC4T 
CONC4,SZ 
*SURFACE DEFINITION,NAME= DMOUT,NO THICK 
OMB,SNEG 
DMW1,SNEG 
DMWPSNEG 
DMW3,SNEG 
RING,SPOS 
DML,SPOS 
*CONTACT PAIR 
CONC4T.DMOUT 
f.  

DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM INSIDE AND PAYLOAD OUTSIDE 

1. 

'SURFACE DEFINITION,NAME=DMINS,NO THICK 
DMB,SPOS 
DMW1,SPOS 
DMW2,SPOS 
DMWBSPOS 
DMW4,SPOS 
RING2,SNEG 
DMLSNEG 
'SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYB,SNEG 
PAYWSNEG 
PAYT,SPOS 
'CONTACT PAIR 
DMINS,PAYOUT 

*NSET,NSET=DMDIS,GENERATE 
....*............*....*....*.. 
4.4.1 
1004.1 004.1 
661,661.1 
101.1 13.3 
301.3133 
541.5533 
.ELSET.ELSET = DMBST,GENERATE 
61.66.1 
8126.1 
'ELSET,ELSET=DMBST 

142:422;20 
143.423.20 
441.446.1 
461,466.1 
481.486.1 
501.506.1 
.ELSET,ELSET= DMLST,GENERATE 
1061.1 066.1 
1081.1086.1 
'ELSET,ELSET= DMLST 

- .- -. 
661.666.1 
681.686.1 
701,706.1 
721.726.1 
741.746.1 
761.766.1 
'ELSET,ELSET = BOLTST,GENERATE 
1501.1 501.1 
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.*...* "...............*...".*. 
*HISTORY OUTPUT, TIME= 1 .E-4 
'NODE HISTORY, NSET=DMDIS 
U. V. A 
"EL HISTORY, ELSET=DMEST 
SP -. , 
LEP. 
SENER. 
PENER, 
"EL HISTORY, ELSET=DMWST 
SP. 
LEP, 
SENER, 
PENER. 
'EL HISTORY. ELSET=DMLST 
SP, 
LEP, 
SENER, 
PENER, 
*EL HISTORY, ELSET=RINGST 
SP -- . 
LEP, 
SENER, 
PENER, 
*EL HISTORY, ELSET=EOLTST 
SP. 
LEP, 
SENER, 
PENER, 
*FILE OUTPUT, NUMBER INTERVAL=100 
*NODE FILE 
RF. 
'MONITOR,NODE= 307,DOF=3 
'END STEP 
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@ 
Iocument Number/Revision: HNF-2209/Rev. 0 

Iocument Title: 

CHECKLIST FOR CHECKING OF ANALYSISKALCULATIONS 
w#s,w 

55 Gallon Drum/30-mil Wall Thickness 30-ft Too Corner Droo 

Yes 

1x1 
[XI 

[XI 

1x1 
[XI 

I 1  

[XI 

I 1  

1x1 

1 1  

1x1 
[XI 

[XI 

1x1 
[XI 

1x1 

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysidcalculation and it is complete and accurate to the best of my 
tnowledge. 

EngineerIChecker Scott S hiraaa 

UOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
:o this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 

Date 09/01 198 
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7.7.1.8 DOT-17H 55-Gal Drum 40-MPH Top-Corner Drop. 

*HEADING 
DOT-17H 55 GALLON DRUM, 40 MPH TOP CORNER DROP, FILE=DTC400 
*RESTART, WRITE, NUMBER INTERVAL=lO 

* *  DRUM 
f........ f............".. ....... f................. .. 
* *  GENERATE THE NODES OF DRUM BOTTOM PLATE 

.NODE, SYSTEM=R 
*NODE 
1, -3.6. 0.0. 0.0 
7. 3.6, 0.0, 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
'NGEN, NSET=LINEA 
1. 7. 1 
*NGEN, NSET=LINEB 
22, 28, 1 
'NFILL, NSET=DMBl 
LINEA, LINEB. 3. 7 

.. 

41, 5.4417, 0.0. 0.0 
42, 5.3380, 1.5872. 0.0 
43, 5.0342, 3.1208, 0.0 
44, 4.5508, 4.5508. 0.0 
45, 3.1208, 5.0342, 0.0 
46, 1.5872, 5.3380, 0.0 
47, 0.0. 5.4417, 0.0 
48, -1.5872. 5.3380, 0.0 
49. -3.1268. 5.0342. 0.0 
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*NSET, NSET=DMB 
DMBI, DMB2, DMB3 

* *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

'ELEMENT, TYPE=SLR 
1. 1. 2. 9. 8 
.ELGEN, ELSET=DMBA 
1. 6, 1, 1, 3. 7. 6 
*ELEMENT, TYPE=S4R, ELSET=DMBB 
21, 7. 41, 42, 14 
22, 14. 42, 43, 21 
23, 21, 43, 44, 28 
24, 28. 44, 45, 27 
25, 27. 45, 46, 26 
26, 26, 46, 47. 25 
27, 25, 47. 48, 2 4  
28, 24, 48. 49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51. 15 
31, 15, 51, 52, 8 
32, 8, 52, 53, 1 
41, 41, 61, 62,42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1, 3, 20, 20 
*ELSET. ELSET= DMB 
DMBA, DMBB 
*SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 

f. 

I. 

.. 
GENERATE THE DRUM CYLINDRICAL WALL .. 

* *  NODES 
f.  

*NCOPY,SHIFT,CHANGE NU =40,OLD SET=DMBI,NEW SET=Ll 
0.0.0.0, 2.0 
o.o,o.o, o.o,o.o,o.o, 1.0, 0.0 

o.o,o.o, 0.0, o.o,o.o, 1.0,o.o 

0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

.NCOPY,SHIFT,CHANGE NU=300,OLD SET=Ll,NEW SET=L2 
0.0, 0.0. 30.0 

*NCOPY,SHIFT,CHANGE NU=40,0LD SET=LZ,NEW SET=L3 

'NFILL, NSET=DMWl 
DMB3, L1, 2, 2 0  
'NFILL, NSET=DMWZ 
L1, L2. 15, 20 
'NFILL. NSET=DMW3 
LZ, L3, 2, 2 0  
*NODE, NSET=DMW4 
501, 11.5000, 0.0. 34.5 
701, 11.5000, 0.0, 35.0 
*NCOPY,SHIFT,MULTIPLE=l2,CHANGE NU= + 1,OLD SET=DMW 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
'NSET, NSET=DMW 
DMWl, DMWP, DMWB, DMW4 

*. ELEMENTS 
.. .. 
*ELEMENT, NPE=S4R, ELSET=DMWl 

*ELGEN, ELSET=DMWl 

*ELEMENT, TYPE=S4R, ELSET=DMWZ 
141, 141,161,162,142 
*ELGEN, ELSET=DMW2 
141, 12. 1, 1, 15, 20. 20 
.ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441,461,462,442 
'ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2, 20, 20 
*ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481, 501, 502,482 
501, 501.701. 702, 502 
'ELGEN, ELSET=DMW4 
481, 12, 1, 1 
501, 12, 1, 1 

101,101,121.122,102 

101.12, 1, 1.2.20.20 

'4,NEW SET=DMW4 
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"ELSET, ELSET=DMW 
DMWl, DMW2, OMW3, DMW4 
*SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.0478 

* *  GENERATE THE NODES OF DRUM LID 

*NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=DMB.NEW SET=DML 
0.0. 0.0. 34.50 

* *  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102. 10.1422, 2.7176. 34.50 
1103, 9.0933. 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176, 10.1422, 34.50 
1107, 0.0. 10.5000, 34.50 
1108. -2.7176. 10.1422, 34.50 
1109, -5.2500. 9.0933. 34.50 
1110, -7.4246. 7.4246, 34.50 
11 11, -9.0933. 5.2500, 34.50 
1112,-10.1422. 2.7176, 34.50 
1113, -10.5000, 0.0, 34.50 

*' GENERATE THE DRUM LID 

'ELEMENT, NPE=S4R 
1001, 1001, 1002. 1009, 1008 
'ELGEN, ELSET=DMLPI 
1001, 6, 1, 1,3, 7, 6 
*ELEMENT, TYPE = S4R. ELSET = DMLB 
1021, 1007, 1041, 1042, 1014 
1022,1014,1042,1043, 1021 
1023,1021,1043,1044,1028 
1024,1028,1044,1045,1027 
1025, 1027. 1045,1046,1026 
1026, 1026,1046,1047,1025 
1027, 1025, 1047,1048,1024 
1028, 1024, 1048,1049,1023 
1029, 1023, 1049,1050, 1022 
1030, 1022, 1050, 1051. 1015 
1031, 1015, 1051, 1052, 1008 
1032. 1008,1052,1053, 1001 
'ELEMENT, TYPE=S4R 
1041. 1041, 1061, 1062, 1042 
*ELGEN. ELSET=DMLC 

I .  .. 
o.o,o.o, 0.0. 0.0, 0.0, 1.0, 0.0 

.. 

.. 

, -, . 
-SET, ELSET=DML 

DMLA, DMLB. DMLC, DMLD 
*SHELL SECTION. ELSET=DML, MATERIAL=ST 
0.0478 
*NSET. NSET=DM 
DMB. DMW, DML 
.ELSET. ELSETrDM 
DMB, DMW, DML .*............................................ 
** CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 
...............................*...I.......... 

'NODE, NSET=RING 
601, 11.7500. 0.0, 34.0670 
621, 11.9330. 0.0, 34.2500 
641, 12.0000, 0.0, 34.5000 
661, 11.9330, 0.0, 34.7500 
681. 11.7500, 0.0, 34.9330 
701, 11.5000. 0.0. 35.0000 
721. 11.2500. 0.0. 34.9330 
741; 11.0670. 0.0, 34.7500 
*NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING.NEW SET=RING 
0.0, 0.0, 0.0 
0.0, 0.0.0.0. 0.0.0.0, 1.0. +15.00 
*ELEMENT, TYPE=S4R 
601, 481,482, 602, 601 
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621,601, 602,622,621 
721,701, 702, 722.721 
761,741,742, 1102, 1101 
*ELGEN, ELSET=RINGl 

0.50 
'SHELL SECTION, ELSET=RINGZ, MATERIAL=ST 
0.35 

* *  CLOSING RING BOLT , 

'NODE. NSET=BOLT 
1501, 11.500, 0.0. 34.500 
1502, 11 500. 0.5, 34.500 
*ELEMENT, TYPE=T3D2, ELSET=BOLT 
1501, 1501. 1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 
*MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
*EQUATION 

........................ "f"... 

.,...............I "..I........ 

D 
1501.1.1.0.1502.1.-1 .O 
*EQUATION 
2 
1501.3.1.0.1 502.3.-1.0 

**  PAYLOAD 

.NODE, SYSTEM=R 
*NnnF 

.........*......I............. 

.................... X......... 

2001, -4.0, 0.0. 0.024 
2005, 4.0, 0.0, 0.024 
7011 -4.0. 4.0. 0.024 
2015: 4.0, 40 ,  0 024 
'NGEN, NSET=LINEC 
2001, 2005, 1 
'NGEN. NSET=LINED 
2011,2015.1 
*NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE, NSET=PAYB2 
2021, 7.625, 0.0. 0.024 
2022, 7.1968, 3.1526, 0.024 
2023, 5.9775. 5.9775. 0.024 
2024, 3.1626. 7.1968, 0.024 
2025, 0.0, 7.625, 0.024 
2026, -3.1526, 7.1968, 0.024 
2027, -5.9775. 5.9775. 0.024 
2028, -7.1968. 3.1526, 0.024 
2029, -7.625, 0.0. 0.024 
.NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052, 0.024 
2033, 7.9550, 7.9550, 0.024 
2034, 4.3052. 10.394, 0.024 
2035, 0.0, 11.25, 0.024 
2036, -4.3052. 10.394. 0.024 
2037, -7.9550. 7.9550, 0.024 
2038, -10.394. 4.3052, 0.024 
2039. -11.25, 0.0. 0.024 
.NSET. NSET=PAYE 
PAYBl, PAYB2. PAYB3 
'ELEMENT, TYPE=R3D4 
2001,2001,2002,2007,2006 
'ELGEN, ELSET=PAYBl 
2001.4.1.1.2.5.5 
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'ELEMENT, TYPE=R3D4. ELSET=PAYB2 
2011,2005,2021,2022,2010 
2012,2010,2022,2023,2015 
2013,2015, 2023,2024,2014 
2014,2014,2024,2025,2013 
2015,2013,2025,2026,2012 
2016, 2012, 2026,2027, 2011 
2017,2011,2027, 2028,2006 
2018,2006, 2028,2029, 2001 
*ELEMENT, TYPE=R3D4 
2021, 2021, 2031, 2032, 2022 
*ELGEN. ELSET=PAYBZ 
2021. 8, 1. 1 
*ELSET, ELSET=PAYB 
PAYBl. PAY02 
"*SHELL SECTION, ELSET=PAYB, MATEf 
**0.0478 *.... .=PAYLO 

.D SET=PAYBB.NEW SET=PAYWl 'NCOPY,SHIFT,CHANGE NU= 100.01 
0.0. 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=PAW 
PAYE3. PAYWI, 10,lO 
*ELEMENT, TYPE=R3D4 ' 
2031,2031,2041,2042,2032 
*ELGEN, ELSET=PAYW 
2031, 8, 1, 1, 10, 10, 10 
+'*SHELL SECTION, ELSET=PAYW, MATERIAL= PAYLD 
"0.0478 

'NCOPY,SHIFT,CHANGE NU - 200,OLD SET=PAYB,NEW SET=PAYT 
I.... 

*ELEMENT. TYPE=R3D4, ELSET=PAYT2 
2211,2205,2221,2222,2210 
2212. 2210, 2222,2223, 2215 
2213, 2215, 2223,2224, 2214 
2214,2214,2224,2225,2213 
2215,2213,2225,2226.2212 
2216, 2212. 2226,2227,2211 
2217, 2211, 2227, 2228,2206 
2218,2206,2228,2229.2201 
*ELEMENT, TYPE=R3D4 
2221, 2221, 2131,2132, 2222 
'ELGEN, ELSET = PAYT2 
2221,8, 1, 1 
'ELSET, ELSET=PAYT 
PAYTl, PAYT2 
*ELSET, ELSET=PAY 
PAYB. PAYW, PAYT 
'NSET, NSET=PAY 
PAYB. P A W .  PAYT 
'.*SHELL SECTION, ELSET=PAYT. MATERIAL=PAYLD 
'.0.0478 
'RIGID BODY,ELSET=PAY,REF NOOE=2000 
.ELEMENT,TYPE=MASS,ELSET= MASS 
2000.2000 
'MASS.ELSET= MASS 
1.8159 ..... 
.* GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  10' X 10' RECTANGULAR HALF SECTION (NO INFl 
1. 

*NODE, SYSTEM=R 
'NODE, NSET=Cl 
160001, -60.0, 0.0, -8.0 
.NODE. NSET=CP 
160004, -45.0, 0.0, -8.0 
'NODE, NSET=C3 
160034, 45.0, 0.0. -8.0 
'NODE, NSET=C4 
160037, 60.0, 0.0, -8.0 
*NFILL, NSET=LINEl 
c1, c2.3 
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C2, C3, 30 
c3. c4, 3 
'NCOPY,SHIFT,CHANGE NU = 500,OLO SET=LINEl ,NEW SET=LINE2 
0.0, 30.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NC0PY.SHIFT.CHANGE NU =300,OLO SET= LINE2,NEW SET= LINES 
0.0. 30.0, 0.0 

'NFILL, NSET=CONCl 
LINEl, LINE2, 10, 50 
LINE2, LINES, 6, 50 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCl ,NEW SET= CONCZ 

o.o,o.o,o.o,o.o,o.o, 1.0.0.0 

0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0, 0.0. 2.0 
o.o,o.o,o.o, 0.0.0.0, 1.0,o.o 

0.0, 0.0. 2.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 

0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

'NCOPY,SHIFT.CHANGE NU = 2000,OLD SET= CONC2,NEW SET=CONC3 

*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCO,NEW SET=CONC4 

*N~OP;,SH~T,C~ANbE Nb = 2000,OLD SET=CONC4,NEW SET=CONC5 

'NSET.NSET= CONCO 
CONCl, CONC2, CONC3, CONC4. CONC5. 
1. 

.* GENERATE THE SOIL NODES 

'NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0, 0.0, -50.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 
*NiOP;, SHiFT, tHANGE kU=2000. OLD SET=SOILl, NEW SET=SOILP 
0.0.0.0. +20.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

.. 

*NCOPY, SHIFT, CHANGE NU=2000. OLD SET=SOILP, NEW SET=SOILB 
0.0, 0.0. + 10.0 
o.o,o.o, 0.0. o.o,o.o, 1.0, 0.0 
*NCOPY, SHIFT, CHANGE NU=2000. OLD SET=SOIL3, NEW SET=SOIL4 
0.0, 0.0, + 10.0 
o.o,o.o, 0.0,o.o. 0.0. 1.0.0.0 
*NCOPY. SHIFT. CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOILS 
0.0, 0.0. + 5.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NSET,NSET= SOIL0 
SOIL1, SOIL2. SOIL3, SOIL4. SOIL5 

* *  GENERATE THE INCLINED IMPACT SURFACES 

*NCOPY.SHIFT.CHANGE NU =-100000,OLO SET=CONCO,NEW SET=CONC 

.* 

1. 

12.000.0.. 34.8 
12.000.0.. 34.8, 12.000. 1.. 343-146.31 
'NCOPY,SHIFT, CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.000.0.. 34.8 
12,000.0.. 34.8, 12.000, 1.. 34.8,-146.31 .. f. CONCRETE PAD ELEMENT 

.ELEMENT, TYPE = C3D8R 
60001, 60001, 60002, 60052,60051, 62001,62002,62052,62051 
*ELGEN, ELSET=CONCl 
60001 36 1 1 16 50 50 
*ELCObY t)LD ~ET~CONC1,NEW SET=CONCI.ELEMENT SH=2000,SHIFT NO=2000 
.ELCOP/OLO SET=CONC2,NEW SET=CONCB,ELEMENT SH=2000,SHIFT NO=2000 
'ELC0PY:OLD SET=CONC3,NEW SET=CONC4,ELEMENT SH=2000,SHIFT NO=2000 
.ELSET, ELSET=CONC 
CONC1. CONC2, CONC3, CONC4, 
*SOLID SECTION, ELSET=CONC, MATERIAL= CONCRETE 

* *  GENERATE REBARS 

~REBAR,ELEM=CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC.NAME= LX 
CONCl 0.60 12.0 0.0 1 .O 4 2 
*REBAd,ELEM=C6NTiNU;MIMAT=REBAR,GEOM=ISOPARAMETRlC,NAME=LY 
CONCl 0.60 12.0 90. 1 .O 4 2 

CONC4 0.60 12.0 0.0 0.0 4.2 
~REBAd,ELEM=CbNTiNU~M,MAT=REBAR,GEOM=ISOPARAMETRlC,NAME=UY 
CONC4,0.60,12.0.90..0.0,4,2 

.. 

.. 
1. 

*REBA~,ELEM = C~NT~NU~I~.MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= ux 
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.. 
* *  GENERATE THE SOIL 

*ELCOPY,OLD SET-CONC1,NEW SET=SOILl,ELEMENT SH=20000,SHIFT NO-20000 
*ELCOPY,OLD SET=SOILl,NEW SET=SOILZ,ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY.OLD SET= SOIL2,NEW SET=SOILB,ELEMENT SH= 2000,SHIFT NO =ZOO0 
'ELCOPY,OLD SET=SOILO,NEW SET=SOIL4,ELEMENT SH=2000,SHIFT NO=2000 
*ELEMENT, TYPE=CSD6. ELSET=SOIL5 
'ELEMENT, TYPE=CBD8R 
88001,88001,88002,88052,88051,60001,60002,60062,60051 
*ELGEN, ELSET=SOIL5 
88001, 36, 1, 1, 16, 50, 50 
.ELSET. ELSET=SOIL 
SOILl, SOIL2, SOIL3, SOlL4, SOIL5 
*SOLID SECTION, ELSET=SOIL, MATERIAL=SOIL 

.* 

*...,.......*. f.... 
1. 

* *  ASTMA36 

*MATERIAL, NAME=ST 
*ELASTIC 
29.OE6, 0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*DENSITY 
7.50521-4 
'FAILURE 
0.30, 0.25 

**  CLOSING RING BOLT MATERIAL 
* *  ASTM A307. GR. C 

.. 

I. 

I .  

10000.; 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.505284 
'FAILURE 
0.30, 0.25 
'materia1,name = concrete 
* *  4000 PSI CONCRETE 
*density 
1.95804 
Wast ic  
3.6E+06,0.15 
*drucker prager 
35.1.1.0.35.1 
*drucker prager hardening 
2250.,0.0 
3900.,0.0013 
3000.,0.0024 
2400.,0.0034 
1790.,0.0044 
11 80.,0.0054 
800.,0.006 
100.,0.0061 
.materialname = soil 
*density 
1.647E-04 
+elastic 
5700.,0.35 
.drucker prager 
35.2,0.82,35.2 
*druckei prager hardening 
2.0.0.0 
6.54.0.0055 
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8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 .. 
* *  REBAR STEEL 

.MATERIAL, NAME=REBAR 
*DENSITY 
7.3484 
*ELASTIC 
29.516. 0.30 
'PLASTIC 

.. 

*;;FAILURE 
"0.30. 0.03 

I* ELEMENT SET DEFINITIONS 

'ELSET.ELSET = ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 

* *  NODE SET DEFINITIONS 

*NSET,NSET=ALLND 
DMB, DMW, DML 
RING, BOLT 

1. .. 
I .  

.. 

- -. , . . . , 
66001.66037.1 
68001.68037.1 
80001,80037.1 
82001,82037.1 
84001 34037.1 
86001.86037.1 
88001.88037.1 
'NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81.93, 12 
101, 501, 20 
113, 513, 20 
613,693,20 
701, 741, 20 
713.753.20 
1001, 1007, 1 
1041, 1053, 12 
1061, 1073, 12 
1081. 1093, 12 
1101, 1113, 12 
1501, 1501, 1 
2000.2000.1 
2001,2005,l 
2021.2029.8 
2031, 2131, 10 
2039,2139.10 
2201,2205.1 
2221.2229.8 
*NSET,NSET=SOILBT,GENERATE 
80001,80837.1 
*NSET,NSET=CONC5,GENERATE 

B7-154 



HNF-2209. Rev. 0 

68001,68837.1 
*BOUNDARY 
YSYMM,YSYMM 
SOILBT.1.3 ...................... 

GYNAMIC,EXPLICIT 
,20.0E-03 
*. 
* *  DEFINE THE CONTACT SURFACES BETWEEN 
*. THE DRUM BOTTOM AND TARGET 

.SURFACE DEFlNITION,NAME=CONC4T 
CONC4S2 
*SURFACE DEFINITION,NAME= DMOUT.NO THICK 
DMB,SNEG 
DMWISNEG 
DMW2,SNEG 
DMW3,SNEG 
RINGSPOS 
DMLSPOS 
TONTACT PAIR 
CONC4T.DMOUT 

.I 

.. 
DEFINE THE CONTACT SURFACES BETWEEN 

* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

*SURFACE DEFINITION.NAME= DMINS.NO THICK 
DMB,SPOS 
DMW1,SPOS 
DMW2,SPOS 
DMW3,SPOS 
OMW4,SPOS 
RINGPSNEG 
DMLSNEG 
'SURFACE DEFINITION,NAME=PAYOUT.NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
'CONTACT PAIR 
DMINS.PAYOUT 

.NSET,NSET = DMDIS,GENERATE 
4.4.1 
1004.1 004.1 
661.661.1 
101.1 13.3 
301.313.3 
541,553.3 
'ELSET,ELSET= DMBST,GENERATE 
61.66.1 
81.86.1 
*ELSET,ELSET =DMBST 
OMBA, 
'ELSET.ELSET= DMWST,GENERATE 
101.106.1 
121.1 26.1 
141,421.20 
142,422.20 
143.423.20 
441,446,l 
461.466.1 
481.486.1 
501.506.1 
'ELSET,ELSET = DMLST,GENERATE 
1061.1066.1 
1081,1086.1 
*ELSET,ELSET= DMLST 

.. 

.............................. 
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661.666.1 
681.686.1 
701.706.1 
721.726.1 
741.746.1 
761.766.1 
*ELSET,ELSET= BOLTST,GENERATE 
1501.1501.1 

*HISTORY OUTPUT, TIME=5.E-5 
*NODE HISTORY, NSET=DMDIS 
U. V. A 
'EL HISTORY, ELSET=DMBST 
MISES. 
PEEQ, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMWST 
MISES, 
PEEQ, 

............ *...*....*....*... 

PEEO, 
SENER, 
PENER, 
*EL HISTORY. ELSET=RINGST 
MISES. 
PEEQ. 

*NODE FILE 
RF, 
*MONITOR,NODE= 307,DOF= 3 
'END STEP 
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@ CHECKLIST FOR CHECKING OF ANALYSWCALCULATIONS 
W Y N I  
~~ 

Iocument Number/Revision: HNF-2209lRev. 0 

Iocument Title: J DOT- 

1 1  
1 1  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysislcalculation and it is complete and accurate to  the best of my 
tnowledge. 

Date09/01198. 

UOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 
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7.7.1.9 55-Gal DrumI3O-Mil Wall Thickness 30-MPHII 600-Lb Dynamic Crush. 

.E=DY3OX 3/18/98 
GALLON DRUM/3O MIL THICKNESS, 30 MPH DYNAMIC CRUSH (SIDE1 

RIGID TARGET 
1600 POUNDS RIGID LOAD 

WESTART, WRITE, NUMBER INTERVAL= 10 

" *  DRUM 
.....* "...."...........** 
*... ".1.........*.*....ff 

f f  

* *  GENERATE THE NODES OF DRUM BOTTOM PLATE 

'NODE, SYSTEM=R 
'NODE 
1, -3.6, 0.0, 0.0 
7, 3.6, 0.0, 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
'NGEN, NSET=LINEA 
1. 7, 1 
'NGEN, NSET=LINEB 
22, 28, 1 
'NFILL, NSET=DMBl 
LINEA, LINEB, 3, 7 
*NODE, NSET=DMB2 
41, 5.4417. 0.0, 0.0 
42, 5.3380, 1.5872. 0.0 
43, 5.0342, 3.1208. 0.0 
44, 4.5508, 4.5508. 0.0 
45, 3.1208, 5.0342, 0.0 
46, 1.5872, 5.3380, 0.0 
47, 0.0, 5.4417. 0.0 
48. -1.5872, 5.3380, 0.0 
49, -3.1208, 5.0342, 0.0 
50, -4.5508, 4.5508, 0.0 
51, -5.0342, 3.1208, 0.0 
52, -5.3380, 1.5872, 0.0 
53, -5.4417, 0.0, 0.0 
61. 7.2833. 0.0. 0.0 
62, 7.0760, 1.9745, 0.0 
63, 6.4683, 3.8417, 0.0 
64, 5.5016, 5.5016, 0.0 
65. 3.8417. 6.4683, 0.0 
66, 1.9745. 7.0760, 0.0 
67, 0.0, 7.2833, 0.0 
68, -1.9745, 7.0760, 0.0 
69, -3.8417, 6.4683. 0.0 
70, -5.5016. 5.5016. 0.0 
71, -6.4683. 3.8417. 0.0 
72, -7.0760, 1.9745, 0.0 
73, -7.2833. 0.0, 0.0 
81. 9.6000. 0.0. 0.0 

.. 

82. 9.2729, 2.4847, 0.0 
83, 8.3138, 4.8000, 0.0 
84. 6.7882, 6.7882, 0.0 
85, 4.8000. 8.3138, 0.0 
86. 2.4847. 9.2729. 0.0 

9.9593, 
8.1317, 
5.7500. 
2.9764, 
0.0. 1 

-2.9764, 
-5.7500. 
-8.1317, 

.., ~ ~ . 
87, 0.0, 9.6000, 0.0 
88. -2.4847. 9.2729, 0.0 
89. -4.8000, 8.3138, 0.0 
90. -6.7882, 6.7882, 0.0 
91. -8.3138, 4.8000, 0.0 
92. -9.2729, 2.4847. 0.0 
93. -9.6000, 0.0. 0.0 
'NODE, NSET=DMB3 
101, 11.5000, 0.0, 0.0 
102, 11.1081, 2.9764. 0.0 
103, 5.7500, 0.0 
104, 0.0 
105, 0.0 
106, 0.0 
107, 0.0 
108. 
109, 
110, 

8.1317. 
9.9593, 
11.1081. 
1.5000, 
11.1081. 
9.9593, 
8.1317, 

... 
0.0 
0.0 
0.0 
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* *  

*ELEMENT, TYPE=S4R 
1. 1,2,9,8 
*ELGEN, ELSET=DMBA 
1, 6, 1, 1, 3, 7. 6 
*ELEMENT, TYPE=S4R. ELSET=OMBB 
21, 7,41,42, 14 
22, 14.42. 43, 21 
23, 21,43, 44, 28 
24. 28. 44, 45, 27 
25, 27, 45, 46, 26 
26. 26. 46, 47, 25 
27. 25. 47. 48. 2 4  
28, 24. 48. 49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51, 15 
31. 15. 51, 52. 8 

GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 
.f 

=DMB , MATERIAL=Sl 

* *  GENERATE THE DRUM CYLINDRICAL WALL .. 
* *  NODES 

'NCOPY.SHIFT,CHANGE NU=40,0LD SET=DMBB,NEW SET=Ll 
0.0, 0.0, 2.0 
o.o,o.o, o.o,o.o, 0.0. 1.0,o.o 
*NCOPY.SHIFT,CHANGE NU=SOO,OLD SET=Ll,NEW SET=L2 
0.0, 0.0, 30.0 
o.o,o.o, o.o,o.o, 0.0.1.0.0.0 
'NCOPY,SHIFT.CHANGE NU=40,0LD SET=L2,NEW SET=L3 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=DMWl 
DMB3. L1, 2, 2 0  
*NFILL, NSET=DMW2 
L1, L2, 15, 20 
*NFILL, NSET=DMW3 

'NODE, NSET=OMW4 
501, 11.5000, 0.0. 34.5 
701, 11.5000. 0.0, 35.0 
'NCOPY,SHIFT.MULTIPLE= 12,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 

0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
'NSET, NSET=DMW 
DMWI. DMWZ, DMW3, DMW4 

**  ELEMENTS 

.. 

L2, L3. 2, 20 

0.0, 0.0.0.0 

.. 
1. 

'ELEMENT, TYPE=S4R. ELSET=DMWl 
101,101,121,122,102 
'ELGEN, ELSET=DMWl 
101.12.1.1.2.20.20 
.ELEMENT, TYPE=S4R. ELSET=DMW2 
141, 141, 161, 162, 142 
*ELGEN, ELSET=DMW2 
141, 12, 1, 1, 15. 20, 20 
.ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441,461,462.442 
'ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2. 20, 20 
'ELEMENT. TYPE=S4R, ELSET=DMW4 
481, 481, 501,502,482 
501, 501,701, 702, 502 
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'ELGEN. ELSET=DMW4 
481, 12, 1, 1 
501, 12, 1, 1 
*ELSET, ELSET=DMW 
DMW1, DMW2, OMW3, DMW4 
*SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.030 

'* 
If 

GENERATE THE NODES OF DRUM LID 
.* 
*NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=OMB,NEW SET=DML 
0.0, 0.0. 34.50 
o.o,o.o, 0.0, o.o,o.o, 1.0,o.o 
* *  MODIFY NODES 
.NODE. NSET=DML 
1101. 10.5000, 0.0. 34.50 
1102, 10.1422, 2.7176. 34.50 
1103, 9.0933. 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933, 34.50 
1106. 2.7176, 10.1422. 34.50 
1107, 0.0, 10.5000, 34.50 
1108. -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933. 34.50 
1110, -7.4246, 7.4246, 34.50 
111 1, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176, 34.50 
1113, -10.5000, 0.0. 34.50 

* *  GENERATE THE DRUM LID 

'ELEMENT, TYPE=S4R 
1001,1001,1002,1009,1008 
*ELGEN, ELSET=DMLA 
1001, 6, 1, 1, 3, 7, 6 
*ELEMENT, TYPE=S4R, ELSET=DMLB 
1021,1007,1041, 1042,1014 
1022, 1014, 1042, 1043, 1021 
1023, 1021,1043, 1044, 1028 
1024, 1028, 1044, 1045,1027 
1025,1027,1045, 1046,1026 
1026, 1026, 1046, 1047,1025 
1027,1025,1047, 1048,1024 
1028, 1024, 1048, 1049,1023 
1029, 1023, 1049, 1050, 1022 
1030,1022,1050, 1051,1015 
1031, 1015, 1051, 1052, 1008 
1032,1008,1052,1053,1001 
'ELEMENT, TYPE=S4R 
1041,1041,1061,1062,1042 
'ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2, 20, 20 
'ELEMENT, TYPE=S4R 
1081. 1081. 1101. 1102, 1082 
'ELGEN, ELSET=DMLD 
1081, 12, 1, 1 
*ELSET, ELSET=DML 
DMLA. DMLB, DMLC, DMLD 
'SHELL SECTION, ELSET=DML. MATERIAL=ST 
0.030 
*NSET. NSET=DM 
DMB, DMW, DML 
*ELSET, ELSET=DM 
DMB, DMW, DML 

I .  .. 

.......................*....*................. 
CLOSING RING, DRUM LID, AND DRUM ASSEMBLY .....................**.**....*...........*... 

*NODE, NSET=RING 
601. 11.7500. 0.0, 34.0670 
621, 11.9330, 0.0, 34.2500 
641, 12.0000, 0.0, 34.5000 
661, 11.9330, 0.0, 34.7500 
681, 11.7500. 0.0, 34.9330 
701. 11.5000, 0.0, 35.0000 
721. 11.2500. 0.0. 34.9330 
741, 11.0670. 0.0. 34.7500 
*NCOPY.SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING.NEW SET=RING 
0.0, 0.0, 0.0 
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0.0.0.0.0.0.0.0.0.0. 1.0. +15.00 
'ELEMENT, TYPE=S4R 
601,481,482,602,601 
621, 601, 602, 622, 621 
721. 701, 702,722.721 
761,741,742,1102,1101 
'ELGEN, ELSET=RINGl 
601, 12, 1, 1 
621, 12. 1, 1, 5, 20, 20 
'ELGEN, ELSET=RINGZ 
721, 12, 1. 1, 2. 20, 20 
761, 12, 1, 1 
*ELSET, ELSET=RING 
RINGl, RING2 
.SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
.SHELL SECTION, ELSET=RINGZ, MATERIAL=ST 
0.35 

'* CLOSING RING BOLT 

*NODE, NSET=BOLT 
1501, 11.500, 0.0. 34.500 
1502, 11.500, 0.5, 34.500 
'ELEMENT, TYPE = T3D2. ELSET = BOLT 
1501, 1501,1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 

.................*.*...*...... 

.*...*.*.........*....*....**. 

*MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
'EQUATION 
2 
1501.1.1.0.1502.1.-1 .O 
'EQUATION 
2 
1501.3.1.0.1502.3.-1 .O ......... *..........*..... 

PAYLOAD .. f."""""..f"f......*..... 

'NODE. SYSTEM=R 
.NODE 
2001. -4.0, 0.0, 0.024 
2005, 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015. 4.0, 4.0, 0.024 
'NGEN, NSET=LINEC 
2001,2005,l 
'NGEN, NSET=LINED 
2011. 2015, 1 
*NFILL. NSET= PAYBl 
LINEC, LINED, 2, 5 
*NODE, NSET=PAYBP 
2021. 7.625. 0.0, 0.024 
2022, 7.1968. 3.1526, 0.024 
2023. 5.9775. 5.9775. 0.024 
2024. 3.1526, 7.1968, 0.024 
2025, 0.0. 7.625, 0.024 
2026, -3.1526, 7.1968, 0.024 
2027, -5.9775, 5.9775, 0.024 
2028, -7.1968. 3.1526, 0.024 
2029, -7.625, 0.0, 0.024 
'NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052. 0.024 
2033. 7.9550, 7.9550, 0.024 
2034. 4.3052, 10.394, 0.024 
2035, 0.0, 11.25, 0.024 
2036, -4.3052, 10.394, 0.024' 
2037. -7.9550, 7.9550, 0.024 
2038, -10.394, 4.3052, 0.024 
2039, -11.25, 0.0. 0.024 
'NSET, NSET=PAYB 
PAYB1, PAYB2. PAYBS 
'ELEMENT, TYPE=S4R 

..*. 
I... 
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2001,2001,2002,2007,2006 
'ELGEN, ELSET=PAYBl 
2001.4.1.1.2.5.5 
*ELEMENT, TYPE=S4R, ELSET= 
2011,2005,2021.2022.2010 
2012,2010. 2022,2023,2015 
2013, 2015,2023,2024,2014 
2014,2014,2024,2025,2013 
2015, 2013,2025,2026, 2012 
2016,2012,2026,2027,2011 
2017, 2011,2027,2028,2006 
2018,2006,2028,2029,2001 
*ELEMENT, TYPE=S4R 
2021,2021,2031,2032,2022 
'ELGEN, ELSET = PAY82 
2021.8. 1, 1 
'ELSET. ELSET=PAYB 

:PAY62 

PAYBl .'PAY62 
*SHELL SECTION, ELSET=PAYB, MATERIAL 
0.030 ..... =PAYLD 

*NCOPY,SHIFT,CHANGE NU= 100,OLD SET=PAYBS,NEW SET=PAYWl 
0.0, 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NFILL, NSET=PAYW 
PAYB3. PAYWI, 10.10 
*ELEMENT, TYPE=S4R 
2031, 2031, 2041, 2042, 2032 
'ELGEN, ELSET=PAYW 
2031, 8. 1, 1, 10, 10, 10 
*SHELL SECTION, ELSET = PAYW. MATERIAL = PAYLD 
0.030 
1.1.. 

'NCOPY,SHIFT.CHANGE NU = 200,OLD SET=PAYB.NEW SET=PAYT 
0.0, 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'ELEMENT, TYPE=S4R 
2201,2201,2202,2207.2206 
'ELGEN. ELSET=PAYTl 
2201, 4, 1, 1, 2, 5, 5 
'ELEMENT. TYPE=S4R, ELSET=PAYT2 
2211. 2205, 2221,2222, 2210 
2212,2210,2222,2223,2215 
2213,2215.2223.2224.2214 
2214,2214.2224.2225.2213 
2215, 2213, 2225,2226, 2212 
2216. 2212,2226,2227. 2211 
2217. 2211,2227,2228,2206 
2218. 2206, 2228,2229, 2201 
'ELEMENT, TYPE=S4R 
2221,2221,2131,2132,2222 
'ELGEN, ELSET = PAYT2 
2221.8. 1, 1 
'ELSET, ELSET=PAYT 
PAYTl, PAYT2 
'ELSET, ELSET=PAY 
PAYE. PAYW. PAYT 
*NSET. NSET=PAY 
PAYB. PAYW, PAYT 
*SHELL SECTION, ELSET = PAYT, MATERIAL= PAYLD 
0.030 

*' RIGID TARGET 

'NODE, NSET=TARGETO 
115000, 0.0, 0.0. -0.025 
115001, -40.0, -0.001, -0.025 
11 5002, 40.0, -0.001. -0.025 
11 5003, 40.0, 40.0, -0.025 
11 5004, -40.0, 40.0. -0.025 

* *  RIGID CRUSH LOAD 

*NODE. NSET=LOADO 
120000, 0.0, 0.0, -0.025 
120001, -40.0, -0.001, -0.025 
120002. 40.0, -0.001, -0.025 
120003, 40.0, 40.0, -0.025 

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

.............................. .............................. 
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120004. -40.0, 40.0, -0.025 

**  GENERATE THE INCLINED IMPACT SURFACES 

*NCOPY,SHIFT,CHANGE NU =-100000,DLD SET=TARGETO,NEW SET=TARGET 

. I  .. 
12.565, 0.. 17.5 
12.565, 0.. 17.5, 12.565, 1.. 17.5,-90.0 
*NCOPY,SHIFT,CHANGE NU =-100000,OLD SET= LDAD0,NEW SET=LOAD 
- 1 7  6fiq n 1 7 6  . _. ........... 
-12.565.0,. 17.5, -12.565, I., 17.5, +90.0 .......*. ..................... 
* *  RIGID TARGET 

'ELEMENT,NPE= RBD4,ELSET=TARGET 
15000,15001,15002,15003,15004 
.RIGID BODY, ELSET=TARGET, REF NODE= 15000 

**  RIGID CRUSH LOAD 

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

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

* *  ASTM A36 

'MATERIAL, NAME=ST 
'DENSITY 
7.5052E-4 
'ELASTIC 
29.0E6, 0.3 
'PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'FAILURE 
0.30, 0.25 

* *  CLOSING RING BOLT MATERIA1 

1. 

I.  

ASTM A307, GR. C 

*MATERIAL, NAME=BOLT 
.DENSITY 
7.505284 
.ELASTIC 
29.016. 0.3 
'PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*FAILURE 
0.30, 0.25 
*MATERIAL, NAME=PAYLD 
'DENSITY 
0.01 110 
'ELASTIC 
29.085. 0.3 

.* ELEMENT SET DEFINITIONS 

.ELSET,ELSET=ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 

*. NODE SET DEFINITIONS 

.. 

I.  .. 
1. .. 
*NSET,NSET=ALLND 
DMB, DMW, DML 
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RING, BOLT 
PAY, 
'NSET,NSET=YSYMM,GENERATE 
15001.15002.1 
20001,20002.1 
'NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61.73. 12 
81, 93, 12 
101, 501, 20 
113. 513, 20 
613,693, 20 
701, 741, 20 
713,753,20 
1001, 1007, 1 
1041,1053,12 
1061, 1073, 12 
1081,1093,12 
1101, 1113, 12 
1501,1501,l 
2001,2005, 1 
2021.2029.8 
2031, 2131, 10 
2039, 2139, 10 
2201. 2205, 1 

*INITIAL CONDITIONS,TYPE = VELOCITY 
20000.1.528.0 
*STEP 
'DYNAMIC,EXPLICIT 
,200.OE-03 

* *  
* *  

.. 
DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM OUTSIDE AND TARGET .. 

.SURFACE DEFINITION,NAME=TGTOP,NO THICK 
TARGETSPOS 
*SURFACE DEFINITION,NAME= DMOUT,NO THICK 
DMBSNEG 
DMW1,SNEG 
DMW2,SNEG 
DMW3,SNEG 
RINGSPOS 
DMLSPOS 
'CONTACT PAIR 
TGTOP,DMDUT 

*' 
* *  

*SURFACE DEFINITION,NAME = LOADBT,NO THICK 
LOADSPOS 
*CONTACT PAIR 
LOADBT,DMOUT 

*. 
**  

I .  

DEFINE THE CONTACT SURFACES BETWEEN 
THE LOAD AND DRUM OUTSIDE 

.I 

.. 
DEFINE THE CONTACT SURFACES BETWEEN 
THE DRUM INSIDE AND PAYLOAD OUTSIDE 

f.  

'SURFACE DEFINITION,NAME=DMINS,NO THICK 
DMBSPOS 
DMW1,SPDS 
DMWZSPDS 
DMW3,SPOS 
DMW4,SWS 
RINGZSNEG 
DML,SNEG 
'SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAYW,SNEG 
PAYT,SPDS 
'CONTACT PAIR 
DMINS,PAYOUT 
l..... 1..................*.l.l 
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*EL HISTORY, ELSET=BOLTST 
SENER, 
PENER, 
'FILE OUTPUT, NUMBER INTERVAL=400 
'NODE FILE 
RF. 
*MONITOR,NODE=307,DOF= 1 
'END STEP 
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'NSET.NSET= DMDIS.GENERATE 
4.4.1 
1004.1 004.1 
101.1 13.3 
301.313.3 
541.553.3 
20000.20000.1 
"ELSETELSET= DMBST,GENERATE 
1.18.1 
61.72.1 
81.92.1 
*ELSETELSET= DMWST,GENERATE 
101.112.1 
121.1 32.1 
141.152.1 
161.1 72.1 
441,452.1 
461.472.1 
481.492.1 
501,512.1 
*ELSET,ELSET = DMLST,GENERATE 
1001,1018.1 
1061.1072.1 
1081.1092.1 
*ELSET,ELSET= BOLTST,GENERATE 
1501.1501.1 

*HISTORY OUTPUT, TIME= 1 .OE-4 
*NODE HISTORY, NSET=OMDIS 
U. V. A 
'EL HISTORY, ELSET=DMBST 
SENER, 

.......*....... f..........".." 
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Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 
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EngineerlChecker Scott S hiraaa 
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to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 
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7.7.1 . I O  DOT-17H 55-Gal Drum 30-MPH13.000-Lb Dynamic Crush. 

*HEADING 
DOT-17H 55 GALLON DRUM, 30 MPH DYNAMIC CRUSH (SIDE), FILE=DYIKBOP 
RIGID TARGET 
3000 POUNDS RIGID LOAD 
*RESTART, WRITE, NUMBER INTERVAL= 10 

'' DRUM 
......*......*........ f.. 
....f....*.......*....f*. .. 
* *  GENERATE THE NODES OF DRUM BOTTOM PLATE 

'NODE, SYSTEM=R 
.. 
'NODE 
1, -3.6, 0.0. 0.0 
7, 3.6, 0.0, 0.0 
22,-3.6, 3.6. 0.0 
28, 3.6, 3.6, 0.0 
*NGEN, NSET=LINEA 
1.7.1 
~NGEN, NSET=LINEB 
22.28. 1 
'NFILL, NSET=DMBl 
LINEA, LINES, 3, 7 
*NODE, NSET=DMBP 
41, 5.4417, 0.0, 0.0 

*NODE, NSET=DMB3 
101, 11.5000. 0.0, 0.0 
102. 11.1081, 2.9764, 0.0 

107, 0.0. 11.5000, 0.0 
108. -2.9764, 11.1081. 0.0 
109, -5.7500. 9.9593, 0.0 
110, -8.1317, 8.1317. 0 0  
111, -9.9593, 5.7500, 0.0 
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112,-11.1081. 2.9764, 0.0 
ll3,-11.5000, 0.0, 0.0 , 

'NSET, NSET=DMB 
DMBl, DMB2, DMB3 

**  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

*ELEMENT, TYPE=S4R 
1. 1. 2. 9. 8 
'ELGEN, ELSET=DMBA 
1, 6, 1, 1, 3. 7. 6 
'ELEMENT, TYPE=SIR, ELSET=DMBB 
21, 7. 41,42, 1 4  
22, 14, 42, 43, 21 

f.  

1. 

32, 8, 52, 53, 1 
41,41, 61, 62, 42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1, 3, 20, 20 
*ELSET, ELSET=DMB 
DMBA, DMBB 
'SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 

* *  GENERATE THE DRUM CYLINDRICAL WALL 
.. .. 
.* NODES 

*NCOPY.SHIFT,CHANGE NU =40,OLD SET= DMB3,NEW SET=Ll 
1. 

* 0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT.CHANGE NU=300,0LD SET=Ll ,NEW SET=L2 
0.0. 0.0. 30.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU=40,0LD SET=LP,NEW SET=L3 
0.0.0.0. 2.0 
o.o,o.o,o.o,o.o, 0.0, 1.0, 0.0 
'NFILL, NSET=DMWl 
DMB3, L1, 2, 20 
*NFILL. NSET=DMWP 
L1, L2, 15, 20 
*NFILL, NSET=DMW3 
L2, L3, 2, 20 
'NODE, NSET=DMW4 
501, 11.5000, 0.0, 34.5 
701, 11.5000. 0.0, 35.0 
*NCDPY,SHIFT,MULTIPLE=l2,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
+NSET, NSET=DMW 
DMWI, DMW2. DMW3, DMW4 
1. 

ELEMENTS .. 
'ELEMENT, TYPE=S4R. ELSET=DMWl 
101,101,121,122,102 
*ELGEN. ELSET=DMWl 
101, 12, 1, 1,2,20,20 
'ELEMENT, TYPE=S4R. ELSET=DMW2 
141, 141, 161, 162, 142 
'ELGEN. ELSET=DMW2 
141, 12, 1, 1. 15, 20. 20 
'ELEMENT, TYPE=S4R. ELSET=DMW3 
441,441, 461,462,442 
'ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2, 20, 20 
*ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481, 501, 502, 482 
501, 501,701,702,502 
*ELGEN, ELSET=DMW4 
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481, 12, 1, 1 

**  

*NCOPY,SHIFT.CHANGE NU= 1000,OLD SET=DMB,NEW SET=DML 
0.0. 0.0. 34.50 
0.0.0.0.0.0.0.0.0.0, 1.0,o.o 
* *  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102, 10.1422, 2.7176. 34.50 

GENERATE THE NODES OF DRUM LID 
f.  

1113,-10.5000. 0.0, 34.50 

* *  GENERATE THE DRUM LID 

'ELEMENT. TYPE=S4R 
1001,1001,1002,1009,1008 
*ELGEN, ELSET=DMLA 
1001, 6, 1. 1, 3, 7, 6 
*ELEMENT, TYPE=S4R, ELSET=DMLB 

.. 
1. 

'ELGEN, ELSET=DMLC 
1041. 12, 1, 1, 2, 20, 20 
'ELEMENT, TYPE=S4R 
1081,1081,1101,1102,1082 
*ELGEN, ELSET=DMLD 
1081,12,1,1 
*ELSET, ELSET=DML 
DMLA, DMLB, DMLC, DMLD 
'SHELL SECTION, ELSET=DML, MATERIAL=ST 
0.0478 
'NSET, NSET=DM 
DMB. DMW, DML 
*ELSET, ELSET=DM 
DMB, DMW, DML 

**  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 
.............................................. .............................................. 

681, 11.7500, 0.0, 34.9330 
701, 11.5000. 0.0, 35.0000 
721, 11.2500. 0.0, 34.9330 
741, 11.0670, 0.0, 34.7500 
*NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU = + 1,OLD SET=RING,NEW SET=RING 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0, 1.0. +15.00 
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*ELEMENT, TYPE=S4R 
601,481. 482,602,601 
621, 601, 602,622,621 
721,701,702,722.721 
761, 741, 742, 1102, 1101 
'ELGEN, ELSET=RINGl 
601, 12, 1, 1 
621, 12, 1. 1, 5, 20. 20 
'ELGEN, ELSET=RING2 
721, 12. 1. 1, 2, 20, 20 
761, 12, 1, 1 
'ELSET, ELSET=RING 
RINGl, RING2 
'SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
'SHELL SECTION, ELSET=RINGP, MATERIAL=ST 
0.35 

* I  CLOSING RING BOLT 

'NODE, NSET=BOLT 
1501, 11.500. 0.0, 34.500 
1502, 11.500. 0.5, 34.500 
*ELEMENT, TYPE = T3D2, ELSET = BOLT 
1501,1501,1502 
'SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 
'MPC 
TIE.601 ,1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
'EQUATION 
2 

......... *......*......*...... 

.....*...................... t. 

1501.1.1.0.1502.1.-1 .O 
'EQUATION 
2 
1501.3.1.0.1502.3.-1 .O 

*' PAYLOAD 

"NODE, SYSTEM=R 
'NODE 
2001, -4.0. 0.0, 0.024 
2005, 4.0, 0.0, 0.024 
2011, -4.0. 4.0, 0.024 
2015. 4.0, 4.0, 0.024 
.NGEN, NSET=LINEC 
2001.2005.1 
*NGEN, NSET=LINED 
2011. 2015, 1 
'NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE, NSET=PAYBZ 
2021, 7.625, 0.0. 0.024 
2022, 7.1968, 3.1526. 0.024 
2023, 5.9775. 5.9775. 0.024 
2024. 3.1526. 7.1968. 0.024 
2025, 0.0. 7.625, 0.024 
2026, -3.1526, 7.1968, 0.024 
2027, -5.9775, 5.9775, 0.024 
2028. -7.1968, 3.1526, 0.024 
2029. -7.625, 0.0, 0.024 
'NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052. 0.024 
2033, 7.9550, 7.9550, 0.024 
2034, 4.3052, 10.394, 0.024 
2035, 0.0, 11.25. 0.024 
2036, -4.3052, 10.394, 0.024 
2037, -7.9550, 7.9550, 0.024 
2038, -10.394, 4.3052, 0.024 
2039, -11.25, 0.0, 0.024 
'NSET, NSET=PAYB 
PAY81. PAY82. PAY83 
*ELEMENT, TYPE=S4R 
2001,2001,2002,2007,2006 

..*................... *..I 

.........*.*...........I. I 

I..*. 

,.... 
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'ELGEN, ELSET=PAYBl 
2001.4.1.1.2.5.5 
'ELEMENT, TYPE=S4R, ELSET=PAYBP 
2011,2005,2021,2022,2010 
2012. 2010. 2022.2023, 2015 
2013,2015,2023, 2024, 2014 
2014,2014,2024,2025,2013 
2015,2013. 2025,2026,2012 
2016,2012, 2026,2027,2011 
2017,2011, 2027,2028,2006 
2018,2006,2028,2029,2001 
'ELEMENT, TYPE=S4R 
2021. 2021,2031, 2032, 2022 
*ELGEN, ELSET = PAY82 
2021.8.1,l 
'ELSET, ELSET=PAYB 
PAYBl, PAY02 
*SHELL SECTION, ELSET = PAYB, MATERIAL= PAYLD 
0.0478 

'NCOPY,SHIFT.CHANGE NU= 100,OLD SET=PAYBB,NEW SET=PAYWl 
*.... 
0.0. 0.0, 33.25 

'NFILL, NSET=PAYW 
PAYB3. PAYWl, 10,lO 
'ELEMENT, TYPE=SLR 
2031,2031,2041,2042, 2032 
*ELGEN, ELSET=PAYW 
2031, 8, 1, 1, 10, 10, 10 
*SHELL SECTION, ELSET=PAYW. MATERIAL=PAYLD 
0.0478 

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

L.... 

*NCOPY,SHIFT,CHANGE NU = 200,OLD SET=PAYB,NEW SET=PAYT 
0.0. 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*ELEMENT, TYPE-S4R 
2201. 2201,2202, 2207. 2206 
.ELGEN. ELSET=PAYTl 
2201. 4, 1, 1, 2, 5, 5 
.ELEMENT, TYPE = S4R. ELSET = PAYT2 
2211. 2205, 2221,2222, 2210 
2212, 2210. 2222,2223, 2215 
2213,2215,2223,2224.2214 
2214,2214,2224,2225, 2213 
2215, 2213,2225,2226,2212 
2216. 2212,2226, 2227. 2211 
2217, 221 1, 2227. 2228, 2206 
2218.2206, 2228, 2229, 2201 
*ELEMENT, TYPEzS4R 
2221, 2221, 2131, 2132, 2222 
*ELGEN, ELSET = PAYT2 

*ELSET, ELSET=PAYT 
PAYTl, PAYT2 
'ELSET, ELSET=PAY 
PAYE. PAW.  PAYT 
*NSET, NSET=PAY 
PAYE. PAW.  PAYT 
*SHELL SECTION, ELSET=PAYT, MATERIAL=PAYLD 
0.0478 

2221.8. 1, 1 

.............................. 
RIGID TARGET f.  

t............................. 

*NODE, NSET=TARGETO 
115000, 0.0, 0.0, -0.025 
115001, -40.0, -0.001. -0.025 
115002. 40.0, -0.001. -0.025 
11 5003, 40.0, 40.0, -0.025 
11 5004, -40.0. 40.0, -0.025 
.................I............ 

RIGID CRUSH LOAD I. 

..................I........... 

.NODE. NSET=LOADO 
120000. 0.0, 0.0, -0.025 
120001, -40.0, -0.001. -0.025 
120002. 40.0, -0.001. -0.026 
120003. 40.0, 40.0, -0.025 
120004. -40.0, 40.0, -0.025 
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f.  

* *  GENERATE THE INCLINED IMPACT SURFACES 
. I  

'NCOPY,SHIFT,CHANGE NU =-100000,OLD SET=TARGETO.NEW SET=TARGET 
12.565, 0.. 17.5 
12.565.0.. 17.5, 12.565, 1.. 17.5,-90.0 
'NCOPY,SHIFT,CHANGE NU =-100000,OLD SET= LOAD0,NEW SET= LOAD 
-12.565, 0.. 17.5 
-12.565.0,. 17.5,-12.565. 1.. 17.5. +90.0 .............................. 
** RIGID TARGET 

*ELEMENT,TYPE= RBDI,ELSET=TARGET 
15000,15001,15002,15003,15004 
'RIGID BODY, ELSET=TARGET, REF NODE= 15000 

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

.............................. 
RIGID CRUSH LOAD .............................. 

'ELEMENT,TYPE= R3D4,ELSET= LOAD 
20000,20001,20002,20003,20004 
'RIGID BODY, ELSET=LOAD, REF NODE=20000 
'ELEMENT,TYPE= MASS,ELSET= MASS 
20001.20000 
'MASS,ELSET= MASS 
3.882 .. 
*. ASTMA36 

*MATERIAL, NAME=ST 
'ELASTIC 
29.086.0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*DENSITY 
7.505284 
*FAILURE 
0.30, 0.25 

I .  

f.  

CLOSING RING BOLT MATERIAL 
ASTM A307. GR. C .. 

*MATERIAL, NAME=BOLT 
'ELASTIC 
29.0E6.0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 

'DENSITY 
0.02437 

* *  ELEMENT SET DEFINITIONS 

'ELSET,ELSET = ALLEL 
DMB, DMW. DML 
RING, BOLT 
PAY, 

*' NODE SET DEFINITIONS 

'NSET.NSET=ALLND 
DMB, DMW, DML 
RING, BOLT 

.. .. 

.. 
1. 
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PAY, 
*NSET.NSET=YSYMM.GENERATE 
15001,15002.1 
20001,20002.1 
*NSET.NSET= YSYMM,GENERATE 
1. 7. 1 
41, 53. 12 
61, 73, 12 
81, 93, 12 
101,501,20 
113, 513, 20 
613,693,20 
701.741, 20 
713, 753. 20 
1001,1007.1 
1041, 1053, 12 
1061. 1073. 12 
1081, 1093, 12 
1101, 1113. 12 
1501, 1501, 1 
2001,2005, 1 
2021,2029, 8 
2031,2131, 10 
2039,2139, 10 
2201,2205,l 
2221,2229.8 
*BOUNDARY 
YSYMM,YSYMM 
15000.1.6 

*INITIAL CDNDITIONS.TYPE = 
20000.1.528.0 
'STEP 
'DYNAMIC,EXPLICIT 
,200.OCO3 

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

1. 

VELOCITY 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM OUTSIDE AND TARGET 

*SURFACE DEFINITION,NAME=TGTOP,NO THICK 
TARGETSPOS 
*SURFACE DEFINITION,NAME= DMOUT,NO THICK 
DMBSNEG 
DMWISNEG 
DMW2,SNEG 
DMWBSNEG 
RINGSPOS 
DML,SPDS 
'CONTACT PAIR 
TGTOPDMOUT 

.. 

1. 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE LOAD AND DRUM OUTSIDE 
.* 
*SURFACE DEFINITION.NAME= LOADBT,ND THICK 
LOADSPOS 
'CONTACT PAIR 
LOADBT.DMOUT 

*. DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

'SURFACE DEFINITION,NAME= DMINS,ND THICK 
DMBSPOS 
DMW1,SPOS 
DMWZSPOS 
DMWBSPOS 
DMW4,SPOS 
RINGZSNEG 
DMLSNEG 
*SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
'CONTACT PAIR 
DMINS,PAYOUT 

*NSET,NSET=DMDIS,GENERATE 

.. 
I. 

.............................. 
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81.92.1 
*ELSET,ELSET= DMWST.GENERATE 
101.1 12.1 
121.132.1 
141.1 52.1 
161,172.1 
441.452.1 
461.472.1 
481.492.1 
501.512.1 
.ELSET.ELSET = DMLST,GENERATE 
1001.1018.1 
1061.1072.1 
1081;1092;1 
'ELSET,ELSET = BOLTST,GENERATE 
1501.1 501.1 ......... *.....*.".......*..." 
'HISTORY OUTPUT, TIME= 1 .OE-4 
*NODE HISTORY, NSET=DMDIS 
U. V. A 
'EL HISTORY. ELSET=DMBST 
SENER. 
PENER, 
*EL HISTORY, ELSET=DMWST 
SENER. 
PENER, 
*EL HISTORY, ELSET=DMLST 
SENER, 
PENER, 
*EL HISTORY, ELSET=BOLTST 
SENER, 
PENER, 
.FILE OUTPUT, NUMBER INTERVAL=400 
'NODE FILE 
RF. 
'MONITOR,NODE=307,DOF= 1 
'END STEP 

87-1 74 



HNF-2209, Rev. 0 

8 CHECKLIST FOR CHECKING OF ANALYSISEALCULATIONS , 

)ocument Number/Revision: HNF-2209/Rev. 0 

)ocument Title: 

My- 

DOT-17H 55 Gallon Drum 30 MPH13000 Pounds Dvnamic Crush 

No 

t 1  

t 1  

11 

11 

I 1  

I 1  

1 1  

t 1  

r 1  

[ I  
t l  
[ I  

[ I  

t 1  

I1 

[ I  

N/A 

I 1  

[XI 

[ I  

1x1 

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysWcalculation and it is complete and accurate to the best of my 
tnowledge. 

ZngineerlChecker Scott Shiraaa 

tOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
o this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third p a w .  

Date 09/01 198 
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7.7.1 .I 1 DOT-17H 55-Gal Drum 25-MPH15,OOO-Lb Dynamic Crush. 

*HEADING 
DOT-17H 55 GALLON DRUM, 25 MPH DYNAMIC CRUSH ISIDEL FILE=OY5K25P 
RIGID TARGET 
5000 POUNDS RIGID LOAD 

*RESTART, WRITE, NUMBER INTERVAL= 10 

* *  DRUM 
........... f............. 
.... *.**..........*...... .. 
*. GENERATE THE NODES OF DRUM BOTTOM PLATE 

*NODE, SYSTEM=R 
.. 
*NODE 
1, -3.6, 0.0, 0.0 
7. 3.6, 0.0, 0.0 
22. -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
'NGEN, NSET=LIN€A 
1. 7. 1 
*NOEN, NSET=LINEB 
22, 28, 1 
'NFILL. NSET=DMBl 

3. 7 
=DM02 

LINEA, LINEB, 
.NODE. NSET 
41, 5.4417. 

. . , . .- - - .. 
45, 3.1208, 
46. 1.5872. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

47. 0.0, 5.4417, 0.0 
48, -1.5872, 5.3380, 0.0 
49, -3.1208, 5.0342, 0.0 
50, -4.5508. 4.5508, 0.0 
51, -5.0342, 3.1208, 0.0 
52, -5.3380, 1.5872, 0.0 
53, -5.4417, 0.0. 0.0 
61, 7.2833, 0.0, 0.0 
62, 7.0760, 1.9745, 0.0 
63, 6.4683, 3.8417. 0.0 
64, 5.5016, 5.5016, 0.0 
65, 3.8417, 6.4683. 0.0 
66, 1.9745, 7.0760, 0.0 

73, -7.2833, 0.0. 0.0 
81. 9.6000. 0.0, 0.0 

88; -2.4847. 9.2729, 0.0 
89, -4.8000, 8.3138, 0.0 
90, -6.7882, 6.7882, 0.0 
91, -8.3138, 4.8000, 0.0 
92, -9.2729, 2.4847. 0.0 
93, -9.6000, 0.0, 0.0 
*NODE, NSET=DMB3 
101, 11.5000. 0.0, 0.0 
102. 11.1081, 2.9764, 0.0 
103, 9.9593. 5.7500, 0.0 

.., . ~~~, 

110, -8.1317, 8.1317; 0.0 
111, -9.9593, 5.7500, 0.0 

87-1 76 



HNF-2209, Rev. 0 

* *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

*ELEMENT, TYPE=S4R 
1. 1.2. 9. 8 
'ELGEN, ELSET=DMBA 
1. 6. 1. 1. 3. 7. 6 
*ELEMENT, NPE=S4R, ELSET=DMBB 
21, 7,41,42. 14 
22, 14, 42, 43, 21 
23, 21, 43, 44, 28 
24. 28, 44, 45, 27 
25, 27, 45, 46, 26 
26, 26, 46, 47, 25 
27. 25. 47. 48. 24 
28, 24. 48. 49, 23 
29. 23, 49, 50, 22 
30, 22, 50, 51, 15 
31, 16, 51, 52, 8 
32. 8. 52, 53, 1 
41, 41, 61, 62, 42 
'ELGEN. ELSET=DMBB 
41, 12. 1, 1, 3, 20. 20 
*ELSET. ELSET= DMB 
DMBA, DMBB 
'SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 

**  GENERATE THE DRUM CYLINDRICAL WALL 

NODES 

1. 

.. .. .. 
'NCOPY,SHIFT,CHANGE NU=40,0LD SET=DMBS.NEW SET=Ll 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU=BOO,OLD SET=Ll,NEW SET=LZ 
0.0. 0.0. 30.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU =40,OLD SET=LP,NEW SET= L3 
0.0, 0.0. 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NFILL, NSET=DMWl 
DMBS, L1, 2, 20 
*NFILL, NSET=DMWP 
L1, L2, 15, 20 
'NFILL. NSET=DMW3 
LZ, L3. 2, 20 
'NODE, NSET=DMW4 
501, 11.5000. 0.0. 34.5 
701, 11.5000, 0.0. 35.0 
.NCOPY,SHIFT,MULTIPLE=l2,CHANGE NU= + 1,OLD SET=DMW4,NEW SET= 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
'NSET, NSET=DMW 
DMWl, DMW2, DMW3. DMW4 
1. 

*. ELEMENTS 

.ELEMENT, NPE=S4R, ELSET=OMWl 
101,101.121,122,102 
*ELGEN, ELSET=DMWl 
101, 12, 1, 1,2,20.20 
*ELEMENT, TYPE=S4R, ELSET=DMWP 
141. 141. 161. 162,142 

I .  

'ELGEN, ELSET=DMW2 
141, 12, 1, 1, 15, 20. 20 
'ELEMENT, TYPE=S4R, ELSET=DMW3 
441,441,461,462,442 
'ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2. 20. 20 
'ELEMENT. TYPE=S4R. ELSET=DMW4 

=DMW3 

=DMW4 
4817481, 501. 502,482 
501,501,701,702, 502 
'ELGEN, ELSET=DMW4 

:DMW4 
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481, 12, 1, 1 
501, 12, 1, 1 
'ELSET, ELSET=DMW 
DMW1, DMW2, DMW3, DMW4 
'SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.0478 

* *  GENERATE THE NODES OF DRUM LID 
1. .. 
'NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=DMB.NEW SET 
0.0, 0.0, 34.50 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
**  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0. 34.50 
1102. 10.1422. 2.7176. 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500. 9.0933. 34.50 
1106. 2.7176, 10.1422, 34.50 
1107. 0.0, 10.5000, 34.50 
1108, -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
1110, -7.4246, 7.4246, 34.50 
11 11, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176, 34.50 
1113, -10.5000, 0.0, 34.50 

* *  GENERATE THE DRUM LID 

'ELEMENT, TYPE=S4R 
1001,1001,1002.1009,100s 
'ELGEN, ELSET=DMLA 
1001, 6, 1, 1, 3, 7, 6 
*ELEMENT, TYPE=S4R, ELSET=DMLB 
1021. 1007,1041, 1042. 1014 
1022. 1014, 1042, 1043, 1021 
1023,1021,1043,1044,1028 
1024. 1028. 1044, 1046, 1027 
1025. 1027,1045, 1046,1026 
1026. 1026,1046. 1047,1025 
1027,1025,1047, 1048,1024 
1028,1024,1048,1049, 1023 
1029. 1023,1049, 1050, 1022 
1030, 1022,1050, 1051, 1015 
1031. 1015, 1051, 1052, 1008 
1032, 1008. 1052, 1053, 1001 
'ELEMENT. TYPE=S4R 
1041, 1041. 1061, 1062,1042 
'ELGEN, ELSET=OMLC 
1041, 12, 1. 1. 2, 20. 20 
'ELEMENT. TYPE=S4R 
1081, 1081, 1101, 1102, 1062 
"ELGEN, ELSET=DMLO 
1061, 12. 1, 1 
'ELSET, ELSET=DML 
DMLA. DMLB, DMLC, DMLD 
*SHELL SECTION, ELSET=DML. MATERIAL=ST 
0.0478 
*NSET, NSET=DM 
DMB, DMW, DML 
'ELSET. ELSET=DM 
DMB, DMW, DML 

.. .. 

........ f......f.f*...*.f..f....f..*.....*.... 
CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

....................*....tt.......1*..... 

:DML 

*NODE, NSET=RING 
601, 11.7500, 0.0, 34.0670 
621. 11.9330, 0.0, 34.2500 
641. 12.0000. 0.0, 34.5000 
661. 11.9330, 0.0, 34.7500 
681, 11.7500, 0.0. 34.9330 
701, 11.5000, 0.0, 35.0000 
721, 11.2500, 0.0, 34.9330 
741, 11.0670, 0.0, 34.7500 
'NCOPY.SHIFT.MULTIPLE= 11,CHANGE NU= + 1,OLD SET=RING,NEW 
0.0, 0.0. 0.0 
0.0.0.0, 0.0.0.0.0.0. 1.0, +15.00 

*NODE, NSET=RING 
601, 11.7500, 0.0, 34.0670 
621. 11.9330, 0.0, 34.2500 
641. 12.0000. 0.0, 34.5000 
661. 11.9330, 0.0. 34.7500 .. . 
681, 
701, 11.5000. 0.0; 35.0000 
721, 11.2500, 0.0, 34.9330 
741, 11.0670, 0.0, 34.7500 
'NCOPY.SHIFT.MULTIPLE= 11,CHANGE NU= + 1,OLD SET=RING,NEW 
0.0, 0 A n n 
0.0, 

SET= :RING 
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'ELEMENT, TYPE=S4R 
601,481,482,602,601 
621,601,602,622,621 
721,701,702. 722.721 
761, 741, 742, 1102. 1101 
"ELGEN. ELSET=RINGl 
601, 12, 1, 1 
621.12.1.1.5.20.20 
'ELGEN. ELSET=RING2 

761, 12, 1, 1 
'ELSET, ELSET=RING 
RINGI, RING2 
.SHELL SECTION. ELSET=RINGl 

721. 12, 1, 1,2,20,20 

, MA ,TERlAl .=ST 
0.50 
'SHELL SECTION, ELSET=RINGZ, MATERIAL=ST 
0.35 

* *  CLOSING RING BOLT 
.............*... "........I... 

......*........ ...*......."*.. 
*NODE, NSET=BOLT 
1501, 11.500. 0.0, 34.500 
1502, 11.500, 0.5, 34.500 
*FLEMENT TYPE=TBOZ. ELSET=BOLT ~ ~~~. 
1501, 1501,1502 
'SOLID SECTION, ELSET=BOLT. MATERIAL=BOLT 
0.226 
'MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
*EQUATION 
2 
1501.1.1.0.1502.1,-1.0 
*EQUATION 
2 
1501.3.1.0.1502.3,-1.0 .............................. 
* *  PAYLOAD ..................... *.". .*I . .  

*NODE, SYSTEM=R 
*NODE 
2001, -4.0, 0.0. 0.024 
2005, 4.0, 0.0. 0.024 
2011. -4.0, 4.0, 0.024 
2015. 4.0, 4.0, 0.024 
'NGEN, NSET=LINEC 
2001.2005.1 
'NGEN, NSET=LINED 
2011. 2015, 1 
'NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
'NODE. NSET=PAYBZ 
2021,-'7.625. 0.0, 0.024 
2022. 7.1968, 3.1526, 0.024 
2023, 5.9775, 5.9775, 0.024 
2024, 3.1526, 7.1968, 0.024 
2025, 0.0. 7.625, 0.024 
7 0 7 ~  -3 1526 7 1968. 0.024 io?$; -5.9?75: 5.9775, 0.024 
2028. -7.1 968, 3.1 526, 0.024 
2029. -7.625, 0.0, 0.024 
*NODE, NSET=PAYB3 

-... 
2036, -4.3052, 10.394, 0.024 
2037, -7.9550, 7.9550. 0.024 
2038. -10.394. 4.3052. 0.024 
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'ELGEN, ELSET=PAYBl 

F iyb2 

2621,202i. 2031, 2032, 2022 
*ELGEN, ELSET=PAYB2 
2021.8. 1, 1 
*ELSET, ELSET=PAYB 
PAYBl. PAY02 
.SHELL SECTION, ELSET = PAYB, MATERIAL = PAYLD 
0.0478 
...I. 

*NCOPY,SHIFT,CHANGE NU= 100,OLD SET=PAYBS,NEW SET=PAYWl 
0.0.0.0,33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NFILL, NSET=PAYW 
PAYB3. PAYWl, 10,lO 
*ELEMENT, TYPE=S4R 
2031, 2031. 2041, 2042, 2032 
*ELGEN, ELSET=PAYW 
2031. 8, 1, 1, 10, 10, 10  
*SHELL SECTION, ELSET=PAW, MATERIAL=PAYLD 
0.0478 

*NCOPY,SHIFT,CHANGE NU=POO,OLD SET=PAYB,NEW SET=PAYl 
0.0, 0.0, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
.ELEMENT, TYPE=S4R 
2201. 2201. 2202,2207.2206 

.*... 

2218. 2206.2228. 2229, 2201 

*NSET, NSET=PAY 
PAYB. P A W .  PAYT 
'SHELL SECTION, ELSET = PAYT. MATERIAL = PAYLD 
0.0478 

* *  RIG10 TARGET 

'NODE. NSET=TARGETO 
115000, 0.0, 0.0, -0.025 
115001, -40.0, -0.001. -0.025 
115002, 40.0, -0.001, -0.025 
11 5003, 40.0, 40.0, -0.025 
11 5004, -40.0, 40.0. -0.025 

.. RIGID CRUSH LOAD 

'NODE, NSET=LOADO 

............*................. .....*........................ 

.........*.............I...... 

.*.... *..............*...".I.. 
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.f 

* *  GENERATE THE INCLINED IMPACT SURFACES 

*NCOPY,SHIFT,CHANGE NU =-100000,OLD SET=TARGETO,NEW SET=TARGET 
12.565. 0.. 17.5 
12.565.0.. 17.5. 12.565. 1.. 17.5,-90.0 
*NCOPY.SHIFT.CHANGE NU =-100000,OLD SET= LOAD0,NEW SET=LOAO 

"1 

-12.565,.0., 17.5 
-12,565.0.. 17.5, -12.565, 1.. 17.5, +90.0 .............................. 

RIGID TARGET .............................. 
.ELEMENT.TYPE = R3D4,ELSET =TARGET 
15000.15001.15002,15003.15004 
*RIGID BODY. ELSET=TARGET. REF NODE= 15000 .............................. 
*' RIGID CRUSH LOA0 

'ELEMENT,TYPE= R3D4,ELSET= LOAD 
20000,20001.20002.20003.20004 
'RIGID BODY. ELSET=LOAD. REF NODE=20000 
*ELEMENT,TYPE= MASS.ELSET= MASS 
20001.20000 
*MASS,ELSET= MASS 
6.470 

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

. I  

ASTMA36 .* 
'MATERIAL, NAME=ST 
*ELASTIC 
29.086.0.3 
'PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*DENSITY 
7.5052E-4 
'FAILURE 
0.30, 0.25 .. 

CLOSING RING BOLT MATERIAL 
ASTM A307. OR. C .. 

'MATERIAL, NAME=BOLT 
.ELPISTIC 
29.016. 0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*DENSITY 
7.505284 
.FAILURE 
0.30,0.25 
'MATERIAL 
'ELASTIC 
29.0E6, 0.3 
'DENSITY 
0.0 2 4 3 7 .. 

, NAME= ;PAYLD 

ELEMENT SET DEFINITIONS .. 
*ELSET.ELSET =ALLEL 
DMB, DMW, DML 
RING. BOLT 
PAY. 

.* NODE SET DEFINITIONS 

'NSET,NSET=ALLND 
DMB, DMW, DML 
RING, BOLT 

.. .. 
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PAY, 
*NSET,NSET=YSYMM,GENERATE 
15001.1 5002.1 
20001.20002.1 
*NSET,NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81..93, 12 
101, 501, 20 
113,513,20 
613,693,20 
701,741, 20 
71 3,753,20 
1001,1007,1 
1041, 1053, 12 
1061, 1073, 12 
1081,1093,12 
1101, 1113, 12 
1501, 1501, 1 
2001,2005,l 
2021.2029.8 
2031, 2131, 10 
2039,2139.10 
2201.2205.1 
2221.2229.8 
'BOUNDARY 
YSYMM,YSYMM 
15000.1.6 

*INITIAL CONOITIONS.TYPE=VELOClTY 
20000.1.440.0 
*STEP 
'DYNAMIC,EXPLICIT 
,200.OE-03 

* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM OUTSIDE AND TARGET 

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

.. 

.. 
'SURFACE DEFINITION,NAME=TGTOP,NO THICK 
TARGET,SPOS 
'SURFACE DEFINITION,NAME= DMOUT,NO THICK 
DMB,SNEG 

..... 
DML,SPOS 
'CONTACT PAIR 
TGTOP,DMOUT .. 
* *  DEFINE THE CONTACT SURFACES BETWEEN 

THE LOAD AND DRUM OUTSIDE 
I. 

'SURFACE DEFINITION,NAME= LOADBT.NO THICK 
LOAD,SPOS 
TONTACT PAIR 
LOADBT.DMOU1 
. I  

** DEFINE THE CONTACT SURFACES BETWEEN 
.* THE DRUM INSIDE AND PAYLOAD OUTSIDE 
.I 

*SURFACE DEFINITION,NAME=DMINS,NO THICK 
DMB,SPOS 
DMW1,SPOS 
DMW2,SPOS 
DMW3.SPDS 
DMW4,SPOS 
RING2,SNEG 
DMLSNEG 
*SURFACE DEFINITION.NAME= PAYOUT,NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
*CONTACT PAIR 
DMINS.PAYDUT 

'NSET,NSET=DMDIS,GENERATE 
.............................. 
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4.4.1 
1004.1 004,l 
101.113.3 
301.313.3 
541,553.3 
20000,20000.1 
*ELSET,ELSET= DMBST,GENERATE 

441 ;452;1 
461.472.1 
481.492.1 
501.512.1 
'ELSET,ELSET = DMLST,GENERATE 
1001.1018.1 
1061.1072.1 
1081,1092.1 
*ELSET,ELSET= BOLTST,GENERATE 
1501.1 501.1 ..*......*.*..*.... ". . . ." .*I . .  

'HISTORY OUTPUT, TIME= 1 .OE-4 
*NODE HISTORY, NSET=DMDIS 
U, V. A 
*EL HISTORY, ELSET=DMBST 
SENER. 
PENER, 
.EL HISTORY, ELSET=DMWSl 
SENER, 
PENER. 
*EL HISTORY, ELSET=OMLST 
SENER, 
PENER, 
*EL HISTORY, ELSET=BOLTSl 
SENER, 
PENER, 
.FILE OUTPUT, NUMBER INTERVAL=400 
'NODE FILE 
RF. 
'MONITOR,NODE= 307,DOF= 1 
'END STEP 

B7-183 



HNF-2209, Rev. 0 

@ CHECKLIST FOR CHECKING OF ANALYSISKALCULATIONS 
wyw 

Document NumberlRevision: HN F -2209 /R~ .  0 

Document Title: 4 
Yes 

[XI 

[XI 

[XI 

1x1 

[XI 

t 1  

1x1 

I1 

1x1 

1 1  

[XI 

[XI 

1x1 

1x1 

[XI 

[XI 

No 

I 1  

t 1  

t 1  
1 1  

I 1  

t 1  

1 1  

t 1  

I 1  

t 1  
t l  
I 1  

t 1  

I1 
11 

t 1  

NIA 

tX1 

1 1  

(XI 

t.1 

1x1 

[ I  
t 1  

t 1  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of nonstandard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysis/calculation and it is complete and accurate to the best of my 
knowledge. 

EngineerlChecker Scott S hiraaa 

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third p a w .  

Date 09/01 198 



HNF-2209. Rev. 0 

7.7.1 .I 2 55-Gal Druml30-MiI Wall Thickness 10-ft Top-Corner Drop. 

*HEADING 
FILE=TTCIOX 8/17/90 
55 GALLON DRUM130 MIL THICKNESS, IO-FT TOP CORNER DROP 

*RESTART, WRITE, NUMBER INTERVAL= 10 ...... Xf.......Xf*..*.*.. 

* "  DRUM .*..* 1..................* .. 
* *  GENERATE THE NODES OF DRUM BO1 
I. 

'TOM PLATE 

i,?,i' 
*NGEN. NSET=LINEB 
22, 28. 1 
'NFILL, NSET=DMBl 
LINEA, LINEB, 3, 7 
*NODE, NSET=DMB2 
41, 5.4417. 0.0. 0.0 
42. 5.3380, 1.5872, 0.0 
43, 5.0342, 3.1208, 0.0 
44, 4.5508, 4.5508, 0.0 

67, 0.0, 7.2833, 0.0 
68, -1.9745, 7.0760, 0.0 
69, -3.8417, 6.4683, 0.0 
70, -5.5016. 5.5016. 0.0 

106, 2.9764. 11.1081, 0.0 
107, 0.0, 11.5000, 0.0 
108. -2.9764, 11.1081, 0.0 
109, -5.7500, 9.9593, 0.0 
110, -8.1317, 8.1317, 0.0 
111, -9.9593, 5.7500, 0.0 
112,-11.1081, 2.9764, 0.0 
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113, -1 1.5000. 0.0. 0.0 
*NSET, NSET=DMB 
DMB1, DMB2, DMB3 *. 
'* GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 
f X  

*ELEMENT, TYPE=S4R 
1. 1. 2. 9. 8 
'ELGEN, ELSET=DMBA 
1, 6, 1, 1. 3, 7, 6 
*ELEMENT, TYPE=S4R, ELSET=DMBB 
21, 7,41,42. 14 
22, 14, 42. 43, 21 

24. 28. 44, 45. 27 
25. 27. 45, 46, 26 
26, 26, 46, 47, 25 

28, 24. 48, 49, 23 
29, 23, 49, 50. 22 
30, 22, 50, 51, 15 
31, 15. 51, 52. 8 
32, 8, 52. 53, 1 
41,41, 61, 62.42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1, 3, 20. 20 
*ELSET, ELSET=DMB . 
DMBA, DMBB 
.SHELL SECTION, ELSET=OMB, MATERIAL=ST 
0.030 

*. GENERATE THE DRUM CYLINDRICAL WALL 

* *  NODES 

*NCOPY.SHIFT.CHANGE NU =40,OLD SET=DMBB,NEW 

23,21,43,44,2a 

27.25.47.48.24 

f. .. .. 
SET=Ll 

0.0, 0.0, 2.0 
0.0.0.0.0.0, o.o,o.o, 1.0,o.o 
*NCOPY,SHIFT,CHANGE NU=300,0LD SET=Ll,NEW SET=L2 
0.0. 0.0, 30.0 

'NCOPY,SHIFT.CHANGE NU=IO,OLD SET=LZ.NEW SET=L3 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NFILL. NSET=DMWl 
DMB3, L1, 2, 20 
*NFILL, NSET=DMW2 
L1, L2, 15. 20 
*NFILL, NSET=OMW3 
L2, L3, 2, 20 
*NODE, NSET=DMW4 
501. 11.5000. 0.0, 34.5 
701, 11.5000, 0.0, 35.0 
*NCOPY,SHIFT.MULTIPLE=l2.CHANGE NU= +l,OLD SET=DMW4,NEW SET=DMW4 
0.0, 0.0. 0.0 
0.0.0.0.0.0. 0.0, 0.0, 1.0. +15.00 
'NSET, NSET=DMW 
DMWl. DMW2. DMW3, DMW4 
I .  

* *  ELEMENTS .. 
*ELEMENT, TYPE=S4R. ELSET=DMWl 

'ELGEN, ELSET=DMWl 

*ELEMENT, TYPE=S4R, ELSET=DMWP 
141. 141, 161, 162, 142 
'ELGEN, ELSET=DMW2 
141.12.1.1.15.20.20 
*ELEMENT. TYPE=S4R, ELSET=DMW3 
441,441, 461,462,442 
'ELGEN, ELSET=DMW3 
441, 12, 1, 1, 2, 20, 20 
'ELEMENT, TYPE=S4R, ELSET=DMW4 
481,481, 501. 502, 482 
501,501,701,702,502 
'ELGEN, ELSET=DMW4 
481, 12, 1, 1 

101,101,121,122,102 

101. 12, 1, 1,2,20,20 
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501, 12, 1, 1 
"ELSET, ELSET=DMW 
DMWl, DMW2, DMW3, DMW4 
'SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.030 

501, 12, 1, 1 
"ELSET, ELSET=DMW 
DMWl, DMW2, DMW3, DMW4 
'SHELL SECTION, ELSET=DMW, MATERIAL=ST 
0.030 **  
**  GENERATE THE NODES OF DRUM LID 

*NCOPY.SHIFT,CHANGE NU = 1000,OLD SET= DMB,NEW SET= DML 
0.0. 0.0, 34.50 

* *  MODIFY NODES 
'NODE, NSET=DML 
1101, 10.5000, 0.0. 34.50 
1102, 10.1422, 2.7176. 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246, 7.4246, 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176. 10.1422, 34.50 
1107, 0.0, 10.5000. 34.50 
1108. -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933. 34.50 
11 10, -7.4246. 7.4246, 34.50 
11 11, -9.0933, 5.2500, 34.50 
1112.-10.1422. 2.7176. 34.50 
11 13, -10.5000. 0.0. 34.50 

**  GENERATE THE DRUM LID 

*ELEMENT, TYPE=S4R 
1001,1001,1002,1009,1008 
'ELGEN, ELSET=DMLPI 

f. 

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

f. 

1. 

1026: 1026; 1046; 1047; 1025 
1027, 1025, 1047,1048,1024 
1028, 1024, 1048,1049,1023 
1029,1023,1049,1050, 1022 
1030, 1022, 1050,1051,1015 
1031, 1015, 1051, 1052, 1008 
1032, 1008,1052,1053, 1001 
.ELEMENT, NPE=S4R 
1041, 1041, 1061, 1062, 1042 
.ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2, 20, 20 
'ELEMENT, TYPE=S4R 
1081, 1081, 1101, 1102. 1082 
*ELGEN, ELSET=DMLD 
1081.12.1,l 
*ELSET, ELSET =DML 
DMLA, DMLB, DMLC. DMLD 
*SHELL SECTION, ELSET=DML, MATERIAL=ST 
0.030 
+NSET. NSET=DM 
DMB, DMW, DML 
.ELSET. ELSET=DM 
DMB, DMW, DML 

**  CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

.NODE, NSET=RING 
601, 11.7500. 0.0. 34.0670 
621, 11.9330. 0.0, 34.2500 
641, 12.0000. 0.0, 34.5000 
661. 11.9330. 0.0, 34.7500 
681. 11.7500, 0.0, 34.9330 
701, 11.5000, 0.0, 35.0000 
721, 11.2500. 0.0, 34.9330 
741, 11.0670. 0.0, 34.7500 
'NCOPY,SHIFT.MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING,NEW SET=RING 
0.0.0.0.0.0 
0.0.0.0.0.0.0.0.0.0. 1.0. +15.00 
*ELEMENT, TYPE=S4R 

.................*. ........................... 

....*.....*... t......1.lt.t....~~.....~."~~.~~.~.. 
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601,481,482, 602,601 
621, 601, 602,622,621 
721,701, 702, 722. 721 
761,741.742.1102.1101 
*ELGEN, ELSET=RINGl 
601. 12, 1, 1 
621, 12, 1, 1, 5, 20, 20 
'ELGEN, ELSET=RING2 
721, 12. 1, 1, 2, 20, 20 
761, 12, 1, 1 
.ELSET, ELSET=RING 
RINGl, RING2 
*SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2, MATERIAL=ST 
0.35 

**  CLOSING RING BOLT 

'NODE, NSET=BOLT 
1501, 11.500, 0.0, 34.500 
1502. 11.500, 0.5, 34.500 
'ELEMENT, TYPE = T3D2. ELSET = BOLT 
1501,1501,1502 
.SOLID SECTION, ELSET=BOLT. MATERIAL=BOLT 
0.226 
'MPC 
TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
*EQUATION 
2 
1501.1.1.0.1 502,1,-1 .O 
.EQUATION 
2 
1501.3.1.0.1502.3.-1.0 

* *  PAYLOAD 

'NODE, SYSTEM=R 
'NODE 
2001, -4.0, 0.0, 0.024 
2005, 4.0, 0.0, 0.024 
2011, -4.0, 4.0, 0.024 
2015, 4.0, 4.0, 0.024 
'NGEN. NSET=LINEC 
2001.2005.1 
*NGEN, NSET=LINED 
2011. 2015. 1 

................*.*......... f. 

......*.....*................ X 

.*.......*.*.*......*.......*. 

......*.....I............ *.I." 
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2001.4.1.1.2.5.5 
*ELEMENT, TYPE=S4R, ELSET=PAYBZ 
2011, 2005, 2021. 2022. 2010 
2012,2010,2022,2023,2015 
2013. 2015, 2023,2024, 2014 
2014,2014,2024,2025, 2013 
201 5,201 3,2025,2026,201 2 
201 6, 2012. 2026,2027, 201 1 
201 7, 201 1, 2027, 2028,2006 

*ELEMENT, TYPE=S4R 
2021,2021,2031,2032,2022 
.ELGEN, ELSET = PAYB2 
2021.8. 1, 1 
'ELSET, ELSET=PAYB 
PAYBl, PAY82 
*SHELL SECTION, ELSET = PAYB, MATERIAL = PAYLD 
0.030 

201a.2oo6.202a.2o29. 2001 

..... 
*NCOPY,SHIFT,CHANGE NU= 100,OLD SET=PAYBB,NEW SET=PAYWl 
0.0, 0.0, 33.25 
o.o,o.o, 0.0, o.o,o.o, 1.0.0.0 
'NFILL, NSET=PAYW 
PAYB3. PAYWl, 10,lO 
*ELEMENT, TYPE=S4R 
2031. 2031, 2041. 2042, 2032 
.ELGEN, ELSET=PAYW 
2031, 8, 1, 1, 10, 10, 10 
*SHELL SECTION, ELSET=PAM. MATERIAL=PAYLD 
0.030 

*NCOPY.SHIFT,CHANGE NU=ZOO,OLD SET=PAYB,NEW SET=PAYT 
..... 
o.o,o.o, 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
.ELEMENT, TYPE=S4R 
2201, 2201, 2202. 2207.2206 
'ELGEN. ELSET = PAYTl 

'ELEMENT, TYPE=S4R, ELSET=PAYTZ 
2211, 2205, 2221, 2222. 2210 
2212,2210,2222,2223,2215 
2213, 2215, 2223, 2224,2214 
2214,2214,2224,2225,2213 
2215, 2213, 2225, 2226. 2212 
2216, 2212,2226,2227,2211 
2217, 2211, 2227, 2228,2206 

.ELEMENT, TYPE=S4R 
2221, 2221, 2131. 2132, 2222 
*ELGEN, ELSET = PAYTP 

'ELSET, ELSET=PAYT 
PAYTl, PAYT2 
*ELSET, ELSET=PAY 
PAYB. PAYW. PAYT 
*NSET, NSET=PAY 
PAY& P A W ,  PAYT 
*SHELL SECTION, ELSET=PAYT, MATERIAL=PAYLD 
0.030 

**  GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  lo' X lo' RECTANGULAR HALF SECTION IN0 lNFl 

2201.4, 1, 1,2, 5,5 

~2ia.2206.2228.2229.2201 

2221. a, 1. 1 

. I . * .  

.. 

.P 
'P 
1E 

IODE, SYSTEM=R 
IODE, NSET=Cl 
iOOO1, -60.0, 0.0, -8.0 

*NODE. NSET=C2 
160004. -45.0. 0.0, -8.0 

IODE, NSET=C3 
i0034, 45.0, 0.0, -8.0 

'NODE, NSET=C4 
160037, 60.0, 0.0, -8.0 
'NFILL, NSET=LINEl 
c1. c2.3 
C2, C3, 30 
c3, c4, 3 
'NCOPY,SHIFT.CHANGE NU = 500,OLD SET= LINE1 ,NEW 
0.0, 30.0, 0.0 

SET = :LINE2 
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0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY.SHIFT.CHANGE NU =300,OLD SET= LINE2,NEW SET= LINES 
0.0. 30.0. 0.0 . ., . ., 
o.o,o.o, 0.0.0.0, 0.0, 1.0,o.o 
'NFILL, NSET=CONCl 
LINEl, LINE2. 10, 50 
LINES, LINEO. 6, 50 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCl ,NEW SET= CONC2 
0.0, 0.0, 2.0 
o.o,o.o, 0.0, o.o,o.o, 1.0,o.o 
.NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCZ,NEW SET= CONC3 
0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0.0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY,SHIFT,CHANGE NU =2000,OLD SET= CONC4,NEW SET=CONCB 
0.0, 0.0. 2.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 
*NSET,NSET= CONCO 
CONCl, CONCP, CONC3, CONC4, CONC5, 

*. GENERATE THE SOIL NODES 

.NCOPY.SHIFT,CHANGE NU =2000,OLD SET=CONCO,NEW SET=CONC4 

.. 

.. 
*NCOPY, SHIFT, CHANGE NU=20000, OLD SET=CONCl, NEW SET=SOILl 
0.0. 0.0. -50.0 
o.o,o.o, 0.0. 0.0; 0.0, 1.0, 0.0 
*NCOPY, SHIFT, CHANGE NU=2000. OLD SET=SOILl, NEW SET=SOILZ 
0.0, 0.0. +20.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 

0.0, 0.0, + 10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL3, NEW SET=SOIL4 
0.0, 0.0, + 10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'NCOPY. SHIFT, CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOIL5 
0.0. 0.0, + 5.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NSET.NSET = SOIL0 
SOIL1. SOIL2, SOIL3, SOIL4, SOIL5 

'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL2, NEW SET=SOIL3 

.. 
* *  GENERATE THE INCLINED IMPACT SURFACES 

.NCOPY,SHIFT,CHANGE NU =-lOOOOO,OLD SET=CONCO,NEW SET=CONC 
12.000,0., 34.8 
12.000.0.. 34.8, 12.000, 1.. 34.8,-146.31 
.NCOPY,SHIFT, CHANGE NU=-100000, OLD SET=SOILO, NEW SET=SOIL 
12.000,0.. 34.8 
12.000.0.. 34.8, 12.000, 1.. 34.8,-146.31 

.. 

1. 

CONCRETE PAD ELEMENT 
1. 

'ELEMENT, TYPE=CIDSR 
60001, 60001, 60002,60052, 60051,62001,62002,62062,62051 
'ELGEN, ELSET=CONCl 
60001, 36. 1, 1. 16, 50, 50 
+ELCOPY,OLD SET=CONCl,NEW SET=CONCZ,ELEMENT SH = 2000,SHIFl 
'ELCOPY.OL0 SET= CONC2,NEW SET=CONCS,ELEMENT SH = 2000,SHIFl 
'ELCOPY,OLD SET= CONC3,NEW SET= CONCCELEMENT SH = 2000,SHIFl 
.ELSET, ELSET=CONC 
CONCl, CONC2, CONC3, CONC4. 
*SOLID SECTION, ELSET= CONC. MATERIAL=CONCRETE .. 

. NO = 2000 
- NO =2000 
. NO = 2000 

GENERATEREBARS .. 
*REBAR,ELEM = CONTINUUM,MAT= REBAR,GEOM = ISOPARAMETRIC,NAME= LX 
C0NC1.0.60.12.0.0.0.1.0.4.2 
*REBAR,ELEM = CONTINUUM,MAT = REBAR,GEOM = 1SOPARAMETRIC.NAME = LY 
CONCl,0.60,12.0,90.,1.0,4.2 
*REBAR,ELEM =CONTINUUM,MAT= REBAR,GEOM =ISOPARAMETRIC,NAME= UX 
C0NC4.0.60.12.0.0.0.0.0.4.2 
*REBAR,ELEM = CONTINUUM,MAT=REBAR.GEOM = ISOPARAMETRIC,NAME= UY 
CONC4,0.60,12.0.90.,0.0,4,2 
I .  

GENERATE THE SOIL 
I .  

*ELCOPY,OLD SET=CONCl.NEW SET=SOILl,ELEMENT SH=20000,SHIFT NO=20000 
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*ELCOPY.OLD SET=SOILl.NEW SET=SOIL2,ELEMENT SH=2000,SHIFT NO=2000 
*ELCOPY.OLD SET=SOILI.NEW SET=SOILO.ELEMENT SH=2000,SHIFT NO=2000 
'ELCOPY.OLD SET;. SOIL3,NW SET=SOIL4,ELEMENT SH= 2000,SHlFT NO=2000 
'ELEMENT, TYPE=CBDG. ELSET=SOILB 
'ELEMENT. TYPE=CIDBR 
88001, 88001, 88002,88052,88051. 60001. 60002. 60052. 60051 
'ELGEN. ELSET = SOIL5 
88001, 36, 1, 1, 16, 50, 50 
'ELSET. ELSET = SOIL 
SOILl. SOIL2, SOIL3. SOIL4. SOIL5 
'SOLID SECTION, ELSET=SOIL. MATERIAL=SOIL 
. . . . . . . . . I . . . . . . . . .  .. 
* *  ASTMA36 .. 
'MATERIAL, NAME=ST 
'DENSITY 
7.505284 
*ELASTIC 
29.0E6, 0.3 
*PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
*FAILURE 
0.30, 0.25 

* *  CLOSING RING BOLT MATERIAL 
.. 

ASTM A307. OR. C 

.MATERIAL, NAME=BOLT 

.DENSITY 
7.5052E-4 
'ELASTIC 
29.016. 0.3 
'PLASTIC 
36000.0, 0.0 
60000.0, 0.23 
'FAILURE 
0.23,0.22 
*MATERIAL. NAME=PAYLD 
*DENSITY 

.. 

1.95804 
*elastic 
3.6E+06.0.15 
'drucker prager 
35.1.1.0.35.1 
.drUcker prager hardening 
2250.,0.0 
3900.,0.0013 
3000.,0.0024 
2400..0.0034 
1790.,0.0044 
11 80.,0.0054 
800.,0.006 
100.,0.0061 
.material,"am* =soil 
*density 
1.647604 
*elastic 
5700.,0.35 
'drucker prager 
35.2.0.82.35.2 
.drucker prager hardening 
2.0.0.0 
6.54.0.0055 
8.64.0.0156 
9.36.0.0259 
10.68.0.0362 
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10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.1 12 

*. REBAR STEEL 

'MATERIAL, NAME=REBAR 
*DENSITY 
7.3484 
*ELASTIC 
29.516. 0.30 

.. 

.a 

ELEMENT SET DEFINITIONS 
1. 

'ELSET,ELSET=ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY, 
I .  

NODE SET DEFINITIONS 
.* 
*NSET,NSET=ALLND 
DMB. DMW, DML 
RING, BOLT 
PAY, 
*NSET,NSET= YSYMM,GENERATE 
60001.60037.1 
62001.62037.1 
64001.64037.1 
66001,66037.1 
68001.66037.1 
80001.80037.1 
82001.62037.1 
84001,64037.1 
86001,86037.1 
88001,88037.1 
*NSET.NSET=YSYMM,GENERATE 
1. 7. 1 
41, 53, 12 
61, 73, 12 
81.93. 12 
101. 501, 20 
113, 513, 20 
613, 693. 20 
701, 741, 20 
713, 753, 20 
1001,1007,1 
1041,1053, 12 
1061,1073,12 
1061, 1093, 12 
1101, 1113, 12 
1501, 1501, 1 
2001,2005,l 
2021.2029. 8 
2031. 2131, 10 
2039,2139,lO 
2201,2205.1 
2221.2229.8 
*NSET.NSET= SOILBT,GENERATE 
80001,80837.1 
*NSET,NSET=CONCS.GENERATE 
68001.68837.1 
.BOUNDARY 
YSYMM,YSYMM 
SOILBT.l.3 

*INITIAL CONDITIONS,TYPE=VELOClTY 
.*.*.*.... I....."..... 
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ALLND.l.168.92 
ALLND.3.253.38 
"STEP 
" DYNAMIC,EXPLICIT 
,2O.OE-O3 .. 
* *  DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM BOTTOM AND TARGET .. 

CONC4T.DMOUT 
1. 

DEFINE THE CONTACT SURFACES BETWEEN 
*. THE DRUM INSIDE AND PAYLOAD OUTSIDE 

'SURFACE DEFINITION,NAME= DMINS,NO THICK 
DMB,SPOS 
DMW1,SPOS 
DMW2,SPOS 
DMW3,SPOS 
DMW4,SPOS 
RING2,SNEG 
DMLSNEG 
*SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
'CONTACT PAIR 
DMINS.PAYOUT 

*NSET.NSET = DMDEGENERATE 

f.  

................ *..*...*....*. 
4.4.1 
1004,1004.1 
661.661.1 
101.1 13.3 
301,313.3 
541.553.3 
*NSET,NSET=DMRF 
DMB, 
DMWl, 
DMW2. 
DMWB, 
RING, 
DML, 
*ELSET,ELSET= DMBST.GENERATE 
61.66.1 
81.86.1 
*ELSET,ELSET = DMBST 
DMBA. 
'ELSET.ELSET = DMWST,GENERATE 
101.106.1 
121.1 26.1 
141.42120 
142.422.20 
143.423.20 
441.446.1 
461,466.1 
481.486.1 
501.506.1 
*ELSET,ELSET = DMLST.GENERATE 
1061.1066.1 
1081.1 086.1 
'ELSET,ELSET= DMLST 
DMLA, 
*ELSET,ELSET =RINGST.GENERATE 
601,606.1 
621,626.1 
641,646.1 
661.666.1 
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681.686.1 
701.706.1 
721.726,l 
741,746,l 
761.766.1 
'ELSET,ELSET = BOLT$T,GENERATE 
1501.1501.1 .*..........**.....*...*.*.... 
*HISTORY OUTPUT, TIME= 5.E-5 
'NODE HISTORY, NSET=DMDIS 
U. V. A 
*NODE HISTORY, NSET=DMRF 
RF. 
*NODE HISTORY, NSET=CONC5 
RF. 
*EL HISTORY, ELSET=DMBST 
SP. 
LEP, 
SENER. 
PENER, 
'EL HISTORY, ELSET=DMWST 
SP. 
LEP, 
SENER, 
PENER, 
*EL HISTORY, ELSET=DMLST 
SP. 
LEP, 
SENER, 
PENER. 
'EL HISTORY, ELSET=RINGST 
SP. 
LEP, 
SENER, 
PENER, 
'EL HISTORY, ELSET=BOLTST 
SP. 
LEP, 
SENER. 
PENER; 
*FILE OUTPUT, NUMBER INTERVAL= 100 
*ENERGY HISTORY 
ALLKE. 
'MONITOR,NOOEs 307,DOFa 3 
'END STEP 
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8 CHECKLIST FOR CHECKING OF ANALYSlSlCALCULATlONS 
wyll 

~~ ~~ ~ ~ ~~ 

)ocument NumberlRevision: HNF -2209/Rev. 0 

3ocument Title: 55 Gallon Druml3O-Mil Wall Thickness 10-ft Too Corner DrOD 

Yes 

tX1 

1x1 

tX1 

1x1 

tX1 

t 1  

tX1 

t 1  

[XI 

11 

1x1 

tx1 

[XI 

[XI 

[XI 

1x1 

No 

[ I  

1 1  

1 1  

t 1  

I1 
1 1  

t 1  

1 1  

t l  

t 1  
11 

t 1  

t 1  

I 1  

t 1  

11 

NlA 

I 1  

[ I  
t 1  

I 1  
I 1  

[XI 

[I 

1x1 

11 

[XI 

[ I  
t 1  

t 1  

11 

t 1  

11 

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysislcalculation and it is complete and accurate to  the best of my 
tnowledge. 

EngineerlChecker Scott Sh iraaa 

VOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and anached 
o this checklist. Material should be labeled and recorded so that it is intelligible to a technically qualified third party. 

Date 09/01 198 
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7.7.1 . I3 DOT-17H 55-Gal Drum 30-MPH Bottom-End Drop. 

*HEADING 
DOT-17H 55 GALLON DRUM, 30 MPH BOTTOM END DROP, FILE=DBEBOM 
'RESTART, WRITE, NUMBER INTERVAL=lO ......................... 
**  DRUM ......................... .. 
.* GENERATE THE NODES OF DRUM BOTTOM PIATE .. 
*NODE, SYSTEM=R 
*NODE 
1, -3.6, 0.0, 0.0 
7. 3.6, 0.0. 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
*NGEN, NSET=LINEA 
1.7. 1 
.NGEN, NSET=LINEB 

'NFILL, NSET=DMBl 
LINEA, LINEB, 3, 7 
.NODE. NSET=DMBZ 

22, 28. 1 
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'NSET. NSET=DMB 
DMB1. DMBZ, DMB3 

* f  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 

*ELEMENT. TYPE=S4R 
1. 1.2.9.8 
*ELGEN, ELSET=DMBA 
1, 6. 1, 1, 3, 7, 6 
"ELEMENT. TYPE=S4R, ELSET=OMBB 
21, 7,41,42, 14 
22, 14, 42, 43. 21 

I .  

" L  

23, 21.43,44, 28 
24. 28. 44, 45, 27 
25, 27. 45, 46. 26 
26, 26, 46, 47. 25 
27. 25. 47. 48. 24 
28, 24. 48, 49, 23 
29, 23.49, 50,22 
30, 22, 50, 51, 15 
31, 15, 51, 52. 8 
32. 8, 52, 53, 1 
41,41, 61, 62. 42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1,3. 20. 20 
'ELSET, ELSET=DMB 
DMBA DMBB 
'SHEiL SECTION, ELSET=DMB, MATERIALsSl 
0.0478 

* *  GENERATE THE DRUM CYLINDRICAL WALL 

**  NODES 

'NCOPY,SHIFT.CHANGE NU =40,OLD SET= DMB3,NEW SET=Ll 
0.0.0.0, 2.0 
0.0 0.0 0.0 0.0 0.0 1.0 0.0 
.N&;,SHI~,C~AN&E Nil=300,0LD SET=Ll.NEW SET=LZ 
0.0.0.0. 30.0 
0.0 0.0 0.0.0.0.0.0. 1.0.0.0 
*N&&,SHIFT,CHANGE NU =40,OLO SET=LP.NEW SET=L3 
0.0, 0.0, 2.0 
o.o,o.o, 0.0.0.0, 0.0. 1.0. 0.0 
'NFILL, NSET=DMWl 
DMB3, L1, 2, 20 
'NFILL, NSET=DMW2 
L1, L2, 15, 20 
'NFILL, NSET=DMW3 
L2. L3, 2, 20 
*NODE, NSET=DMW4 
501, 11.5000, 0.0, 34.5 
701 11.5000 0.0 35.0 
*NC'OPY,SHIF;.MUL~lPLE= 12,CHANGE NU= + 1,OLD SET=DMW4,NEW SET=DMW4 
0.0, 0.0. 0.0 

*NSET, NSET=DMW 
DMWl, DMW2. DMW3. DMW4 

.. 
1. 

I. 

O.O.O.O.O.O.O.O.O.O. 1.0. +15.00 

.. 
** ELEMENTS 

'ELEMENT, NPE=S4R, ELSET=DMWl 

.ELGEN, ELSET=DMWl 

+ELEMENT, NPE=S4R, ELSET=DMW? 
141. 141,161,162,142 
'ELGEN, ELSET=DMW2 
141, 12, 1, 1, 15. 20. 20 
.ELEMENT, NPE=S4R, ELSET=DMW3 
441,441,461,462,442 
'ELGEN, ELSET=OMW3 
441,12,1.1.2,200,20 
'ELEMENT, TYPE=S4R, ELSET=OMW4 
481.481, 501, 502.482 
501, 501,701, 702. 502 
'ELGEN, ELSET=DMW4 
481, 12, 1, 1 
501, 12, 1, 1 

1. 

101,101,121,122,102 

101,12, 1, 1,2, 20.20 
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'ELSET, ELSET=DMW 
DMWl, OMW2, DMW3. DMW4 
*SHELL SECTION, ELSET=OMW, MATERIAL=ST 
0.0478 

'* 

"NCOPY,SHIFT,CHANGE NU= 1000,OLD SET=DMB,NEW SET=DML 

.f 

GENERATE THE NODES OF DRUM LID .. 
0.0, 0.0, 34.50 
o.o,o.o, o.o,o.o,o.o, 1.0,o.o 

MODIFY NODES 
*NODE. NSET=DML 
1101. 10.5000, 0.0, 34.50 
1102. 10.1422. 2.7176, 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246. 7.4246. 34.50 
1105, 5.2500, 9.0933, 34.50 
1106, 2.7176. 10.1422, 34.50 
1107, 0.0. 10.5000, 34.50 
1108, -2.7176, 10.1422, 34.50 
1109. -5.2500, 9.0933, 34.50 
11 10. -7.4246, 7.4246, 34.50 
1111. -9.0933, 5.2500. 34.50 
1112.-10.1422. 2.7176, 34.50 
1113,-10.5000. 0.0, 34.50 

* *  GENERATE THE DRUM LID 

*ELEMENT, TYPE=S4R 
1001,1001. 1002,1009,1008 
*ELGEN, ELSET=DMLA 
1001. 6, 1, 1, 3, 7, 6 
*ELEMENT, TYPE=S4R, ELSET=OMLB 
1021,1007, 1041,1042,1014 
1022, 1014, 1042.1043, 1021 
1023,1021,1043,1044,1028 
1024,1028,1044,1045,1027 
1025, 1027,1045, 1046, 1026 
1026. 1026, 1046, 1047,1025 
1027,1025,1047, 1048,1024 
1028,1024, 1048, 1049, 1023 
1029, 1023. 1049, 1050, 1022 
1030,1022,1050,1051, 1015 
1031, 1015, 1051, 1052, 1008 
1032, 1008, 1052, 1053, 1001 
'ELEMENT, TYPE=S4R 
1041, 1041, 1061, 1062, 1042 
'ELGEN, ELSET=DMLC 
1041, 12, 1, 1, 2, 20. 20 
*ELEMENT, TYPE=S4R 
1081, 1081, 1101, 1102, 1082 
'ELGEN, ELSET=DMLD 
1081, 12, 1, 1 
.ELSET, ELSET=OML 
DMLA, OMLB, DMLC. DMLD 
*SHELL SECTION, ELSET=OML, MATERIAL=ST 
0.0478 
'NSET. NSET=DM 
DMB, DMW, DML 
'ELSET, ELSET=DM 
DMB, DMW. DML 

.I 

I. 

I..................... . . . . . . . . . . . . . . . . . . . . . . . .  

*. CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

*NODE. NSET=RING 
601. 11.7500. 0.0, 34.0670 
621, 11.9330. 0.0. 34.2500 
641, 12.0000. 0.0, 34.5000 
661, 11.9330. 0.0, 34.7500 
681, 11.7500, 0.0, 34.9330 
701. 11.5000. 0.0, 35.0000 
721, 11.2500. 0.0, 34.9330 
741, 11.0670. 0.0, 34.7500 
'NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING,NEW SET=RING 

.................................*..........*. 
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621. 601, 602, 622, 621 
721,701,702, 722.721 
761,741,742, 1102, 1101 
.ELGEN, ELSET=RINGl 
601, 12, 1. 1 
621, 12, 1, 1, 5, 20. 20 
*ELGEN, ELSET=RING2 
721. 12, 1, 1, 2, 20. 20 
761. 12. 1, 1 
'ELSET. ELSET=RING 
RING1, RING2 
*SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2, MATERIAL=ST 
0.35 

* *  CLOSING RING BOLT 

*NODE, NSET=BOLT 
1501, 11.500, 0.0, 34.500 
1502, 11.500, 0.5, 34.500 
*ELEMENT, TYPE=T3D2, ELSET=BOLT 
1501, 1501,1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 
'MPC 

.*..........I... "....*..*.**"* 

........*..........*... "f..... 

TIE.601.1502 
TIE.621.1502 
TIE.641.1502 
TIE.661.1502 
TIE.681.1502 
.EQUATION 
2 
1501.1.1.0.1502.1.-1 .O 
*EQUATION 
2 
1501.3.1.0.1 5023-1  .O 
....I.......*......... * . . I . * . .  

PAYLOAD .. .*..............*.. f........". 

*NODE, SYSTEM=R 
.NODE 
2001, -4.0, 0.0, 0.024 
2005, 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015. 4.0, 4.0, 0.024 
'NGEN, NSET=LINEC 
2001.2005.1 
*NGEN, NSET=LINED 
2011.2015.1 
'NFILL, NSET=PAYBl 
LINEC, LINED, 2, 5 
*NODE, NSET=PAYB2 
2021, 7.625, 0.0, 0.024 
2022. 7.1968, 3.1526, 0.024 
2023, 5.9775. 5.9775, 0.024 
2024. 3.1526, 7.1968. 0.024 
2025. 0.0. 7.625, 0.024 
2026, -3.1526, 7.1968, 0.024 
2027, -5.9775, 5.9775, 0.024 
2028. -7.1968, 3.1526, 0.024 
2029. -7.625, 0.0, 0.024 
.NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032, 10.394, 4.3052, 0.024 
2033. 7.9550, 7.9550, 0.024 
2034. 4.3052, 10.394, 0.024 
2035. 0.0, 11.25. 0.024 
2036, -4.3052. 10.394, 0.024 
2037. -7.9550, 7.9550, 0.024 
2038, -10.394. 4.3052. 0.024 
2039, -1 1.25, 0.0, 0.024 
*NSET. NSET=PAYB 
PAYBl, PAY% PAY83 
'ELEMENT, TYPE=S4R 
2001,2001,2002,2007,2006 
'ELGEN. ELSET= PAYBl 
2001.4.1.1.2.5.5 
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.ELEMENT. TYPE=S4R, ELSET=PAYB2 
201 1,2005,2021,2022,2010 
2012,2010,2022,2023,2015 
2013. 2015,2023,2024,2014 
2014,2014,2024,2025,2013 
2015,2013,2025,2026,2012 
201 6,201 2,2026,2027,201 1 
2017,2011,2027,2028,2006 
2018, 2006,2028, 2029. 2001 
'ELEMENT, TYPE=S4R 
2021. 2021. 2031, 2032, 2022 
'ELGEN, ELSET = PAY62 
2021.8.1, 1 
'ELSET, ELSET=PAYB 
PAYBl, PAY02 
'SHELL SECTION, ELSET=PAYE. MATERIAL 
0.0478 ..... .=PAYLO 

*NCOPY. SHIFT,CHANGE NU= 100,OLD SET=PAYEB,NEY\I I SET= :PAW1 

~. . 
-SHELLSEC;ION: EL~ET=PAYW, MATERIAL=PAYLD 
0.0478 

'NCOPY,SHIFT,CHANGE NU = 200,OLD SET=PAYE,NEW SET=PAYT 
f.... 

0.0,o.o. 33.25 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
'ELEMENT, TYPE=S4R 
2201,2201,2202,2207,2206 
*ELGEN, ELSET=PAYTl 
2201.4, 1, 1,2, 5.5 
'ELEMENT, TYPE=S4R, ELSET=PAYTP ' 
2211,2205,2221,2222,2210 
2212,2210,2222,2223,2215 
2213,2215,2223,2224,2214 
2214, 2214,2224,2225,2213 
2215,2213,2225,2226, 2212 
2216, 2212,2226,2227. 221 1 
221 7, 221 1, 2227. 2228, 2206 
2218,2206,2228, 2229, 2201 
*ELEMENT, TYPE=S4R 
2221, 2221,2131,2132. 2222 
'ELGEN. ELSET = PAYT2 
2221, 8, 1, 1 
'ELSET, ELSET=PAYT 
PAYTl , PAYT2 
'ELSET, ELSET=PAY 
PAYE. PAYW, PAYT 
'NSET, NSET=PAY 
PAYE. PAYW, PAYT 
*SHELL SECTION. ELSET=PAYT 
0.0478 ..... , MATERIA1 .=PAYLD 

' *  GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  10  X 1 0  RECTANGUUR HALF SECTlON (NO INFI 

'NODE. SYSTEM = R 
'NODE. NSET=Cl 
60001. -60.0. 0.0, .8.0 
'NODE. NSET = C2 
60004. -45.0. 0 0. -8.0 
*NODE. NSET=CB 
60034. 45.0, 0 0, .8.0 
'NODE. NSET=C4 
60037, 60.0. 0.0, .8.0 
'NFILL. NSET= LINE1 
c1. c2. 3 
C2, C3. 30 

.. 

c3, c4, 3 
*NCOPY,SHIFT,CHANGE NU = 500,OLO SET=LINEl ,NEW SET=LINE2 
0.0. 30.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
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*NCOPY,SHIFT,CHANGE NU = 300,OLD SET= LINE2,NEW SET= LINE3 
0.0. 30.0, 0.0 

*NFILL. NSET=CONCl 
LINEl, LINE2, 10, 50 
LINEZ. LINES, 6, 50 
.NCOPY,SHIFT,CHANGE NU = 2000,OLD SET=CONCl ,NEW SET= CONC2 

0.0.0.0.0.0.0.0.0.0, 1.0,o.o 

0.0, 0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU = 2000,OLD SET= CONC2,NEW SET=CONC3 
0.0,0.0,2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0, 0.0. 2.0 
0.0.0.0.0.0.0.0, 0.0, 1.0,o.o 

0.0.0.0. 2.0 
o.o,o.o, o.o,o.o, 0.0, 1.0,o.o 
'NSET,NSET=CONCO 
CONCl, CONC2, CONC3, CONC4, CONC5, 

**  GENERATE THE SOIL NODES 

*NCOPY. SHIFT, CHANGE NU=20000. OLD SET=CONCl, NEW SET=SOILl 
0.0. 0.0, -50.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILl, NEW SET=SOILP 
0.0.0.0, +20.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

'NCOPY,SHIFT.CHANGE NU =2OOO,OLD SET= CONC3,NEW SET=CONC4 

.NCOPY.SHIFT.CHANGE NU = 2000,OLO SET=CONC4,NEW SET=CONC5 

.. 
1. 

'NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOILP, NEW SET=SOIL3 
0.0.0.0, f10.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0, 0.0. + 10.0 
o.o,o.o, 0.0.0.0. 0.0, 1.0, 0.0 

*NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL3, NEW SET=SOIL4 

.NCOPY, SHIFT, CHANGE NU=2000, OLD SET=SOIL4, NEW SET=SOIL5 
0.0.0.0. +5.0 
0.0; 0.0, 0.0, o.o,o.o, 1.0.0.0 
'NSET,NSET=SOILO 
SOILl. SOIL2, SOIL3, SOIL4, SOIL5 

*. CONCRETE PAD ELEMENT 
f. 

f. 

'ELEMENT, TYPE=CIDIR 
60001, 60001,60002, 60052, 60051, 62001,62002,62052,62051 
*ELGEN. ELSET=CONCl 
60001, 36, 1, 1, 16, 50, 50 
*ELCOPY.OLD SET=CONCl ,NEW SET=CONCZ,ELEMENT SH =2000,SHIFT NO= 2000 
.ELCOPY.OLD SET=CONC2,NEW SET=CONCS.ELEMENT SH =2000SHIFT NO= 2000 
'ELCOPY.OLD SET=CONCB.NEW SET=CONC4,ELEMENT SH = 2000,SHIFT NO = 2000 
'ELSET. ELSET=CONC 
CONCl, CONC2, CONC3, CONC4, 
'SOLID SECTION, ELSET=CONC, MATERIAL= CONCRETE 
1. 

I" GENERATEREBARS 

'REBAR,ELEM= CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= LX 
I .  

CONC1.0.60.12.0.0.0.1.0.4.2 
*REBAR,ELEM = CONTINUUM.MAT = REBAKGEOM = 1SOPARAMETRIC.NAME = LY 
CONCl.O.6O.12.0.90..1.0.4.2 
.REBAR ELEM =CONTINUUM.MAT= REBAR.GEOM =ISOPARAMETRIC.NAME =UX 
C0NC4.060,12.0.0.0.0.0,4,2 
.REEAR.ELEM = CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= UY 
C0NC4,0.60,12.0,90..0.0,4,2 

* *  GENERATE THE SOlL 

'ELCOPY.OLD SET= CONCl ,NEW SET= SOIL1 ,ELEMENT SH = 20000,SHIFT NO= 20000 
*ELCOPY,OLD SET=SOILl,NEW SET=SOILZ,ELEMENT SH=ZOOO,SHIFT NO=2000 
*ELCOPY.OLD SET=SOILZ,NEW SET=SOIL3,ELEMENT SH = ZOOOSHIFT NO = 2000 
.ELCOPY.OLD SET=SOILB.NEW SET=SOIL4,ELEMENT SH = 2000,SHIFT NO = 2000 

I .  

.. 

*ELEMENT, TYP 
'ELEMENT, TYP 
88001,88001. 
*ELGEN, EL 
88001. 36, 
'ELSET. EL! 
SOILl, SOIL 

,60002 ,60052, 60051 
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'SOLID SECTION, ELSET=SOIL, MATERIAL=SOIL ................ I . .  

1. 

ASTMA36 * *  

* *  CLOSING RING BOLT MATERIAL 
ASTM A307. GR. C .. 

'MATERIAL. NAME=BOLT 
'ELASTIC 
29.016. 0.3 
.PLASTIC 
36000.0, 0.0 
60000.0, 0.23 
'DENSITY 
7.5052E-4 
'MATERIAL, NAME = PAYLD 
'ELASTIC 
29.0E6, 0.3 
'DENSITY 
0.02437 
*material,name=concrete 

4000 PSI CONCRETE 
'density 
1.951-04 
'elastic 
3.6E+06,0.15 
'drucker pragar 
35.1.1.0.35.1 
'drucker prager hardening 
2250.,0.0 
3900.,0.0013 
3000.,0.0024 
2400.,0.0034 
1790.,0.0044 
1180.,0.0054 
800.,0.006 
100..0.0061 
*material,name =soil 
.density 
1.647E-04 , 
'elastic 
5700.,0.35 
'dwcker prager 
35.2.0.82.35.2 
'drucker prager hardening 
2.0.0.0 
6.54.0.0055 
8.64.0.0156 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8.0.0788 
10.44.0.0897 
9.9.0.1 
9.0.0.112 
f. 

REEAR STEEL .. 
'MATERIAL, NAME=REBAR 
'DENSITY 
7.34E-4 
*ELASTIC 
29.5E6, 0.30 
'PLASTIC 
71170.. 0.0 
71626.. 0.004985 
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83130.. 0.017098 
96460.. 0.036202 
104728.. 0.0551 13 
109080.. 0.073795 
'*"FAILURE 
'*0.30, 0.03 

*. ELEMENT SET DEFINITIONS 
1. 

.. 
*ELSET,ELSET = ALLEL 
DMB, DMW. DML 
RING, BOLT 
PAY, 
.I 

* *  NODE SET DEFINITIONS 

*NSET,NSET=ALLND 
DMB, DMW, DML 
RING, BOLT 
PAY, 
.NSET,NSET=YSYMM,GENERATE 
60001,60037.1 
62001.62037.1 
64001,64037.1 
66001.66037.1 
68001.68037.1 
80001.80037.1 
82001.82037.1 
84001 34037.1 
86001.86037.1 
88001.88037.1 
.NSET,NSET=YSYMM,GENERATE 
1.7. 1 
41, 53, 12 
61, 73, 12 
81.93, 12 
101, 501,20 
11 3, 51 3,20 
613,693,20 
701.741,ZO 
713,753.20 
1001,1007.1 
1041,1053,12 
1061, 1073, 12 
1081, 1093, 12 
1101, 1113, 12 
1501,1501.1 
2001,2005.1 
2021,2029,8 
2031, 2131, 10 
2039,2139,lO 
2201, 2205, 1 
2221, 2229, 8 
'BOUNDARY 
YSYMM.YSYMM 
SOIL1.1.3 

.INITIAL CONDITIONS,TYPE = VELOCITY 
ALLND,3.-528.0 
'STEP 
'DYNAMIC.EXPLICIT 
,20.0E-03 

.. 

.............I..... f.. 

.. 
DEFINE THE CONTACT SURFACES BETWEEN 

* *  THE DRUM BOTTOM AND TARGET 

*SURFACE DEFINITION,NAME=CONC4T 
CONC4,SZ 
.SURFACE DEFINITION.NAME= DMBOT,NO THICK 
DMB,SNEG 
'CONTACT PAIR 
CONC4T.DMBOT 

* f  DEFINE THE CONTACT SURFACES BETWEEN 
**  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

'SURFACE DEFINITION,NAME = DMINS,NO THICK 
DMB,SPOS 

f.  

.I 

.. 
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DMWl SPOS 
DMWPSPOS 
DMW3,SPOS 
DMW4,SPOS 
DML,SNEG 
RING2,SNEG 
*SURFACE DEFINITION,NAME= PAYOUT,NO 
PAYBSNEG 
PAYWSNEG 
PAYT.SPOS 
'CONTACT PAIR 
DMINS.PAYOUT 

'NSET,NSET = DMDEGENERATE 
4.4.1 
1004,1004.1 
101.1 13.3 
301,313.3 
541.553.3 
'ELSET,ELSET= DMBST,GENERATE 
61.66.1 
81.66.1 
*ELSET,ELSET= DMBST 
DMBA, 
*ELSET,ELSET= DMWST,GENERATE 
101,106.1 
121.126.1 
141,421.20 
142.422.20 
143.423.20 
441.446.1 
461,486.1 
481,486.1 
501306.1 
*ELSET,ELSET= DMLST,GENERATE 
1061,1066.1 
1081.1086.1 
*ELSET,ELSET= DMLST 

................. ".......I..." 

THICK 

'HISTORY OUTPUT, TIME= 5.E-5 
'NODE HISTORY, NSET=DMDIS 
U. V. A 
.EL HISTORY, ELSET=DMBST 
MISES. 
PEEO, 
SENER, 
PENER, 
'EL HISTORY. ELSET=DMWST 
MISES. 
PEEO, 
SENER, 

'EL HISTORY, ELSET=RINGST 
MISES, 
PEEO, 
SENER, 
PENER, 
.EL HISTORY, ELSET=BOLTSl 
MISES. 
PEEQ, 
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SENER, 
PENER, 
*FILE OUTPUT, NUMBER INTERVAL= 100 
'NODE FILE 
RF. 
'MONITOR,NODE= 301 ,DOF=3 
'END STEP 

HNF-2209. Rev. 0 
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Document Title: DOT-I 7H 55 Gallon Drum 30 MPH Bottom End Droo 

N O  

1 1  

11 

1 1  

t 1  

t 1  

t l  

t 1  

[ I  

1 1  

t 1  
[ I  

t l  

t 1  

t 1  
t 1  

1 1  

NIA 

[ I  
[ I  
1 1  

[ I  
t I  
1x1 

t 1  

1x1 

1 1  

[XI 

' t  I 
I1 

t 1  

t 1  
[ I  
1 1  

Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formulaldata are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

I have checked the analysis/calculation and it is complete and accurate to  the best of my 
knowledge. 

EngineerlChecker Scott Sh iraaa 

NOTE Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and attached 
to this checklist. Material should be labeled and recorded so that it is intelligible to  a technically qualified third party. 

Date 09/01 198 
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7.7.1.14 DOT-17H 55-Gal Drum 55-MPH Bottom-End Drop. 

‘HEADING 
DOT-17H 55 GALLON DRUM, 55 MPH BOTTOM END DROP, FILE=DBE55N 
VESTART, WRITE, NUMBER INTERVAL= 10 

* *  DRUM 
......................... ......................... 
. I  

* *  GENERATE THE NODES OF DRUM BOTTOM PLATE 

*NODE, SYSTEM=R 
*NODE 
1. -3.6, 0.0, 0.0 
7, 3.6, 0.0, 0.0 
22, -3.6, 3.6, 0.0 
28, 3.6, 3.6, 0.0 
‘NGEN, NSET=LINEA 

f. 

1. 7. 1 
.NGEN. NSET=LINEB 
22, 28. 1 
‘NFILL, NSET=DMBl 
LINEA, LINEB, 3, 7 
.NODE. NSET=DMB2 

. - - .  - 
48, -1.5872. 5.3380, 0.0 
49. -3.1208. 5.0342. 0.0 
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*NSET, NSET=DMB 
DMBl, DMBP, DMB3 

* *  GENERATE THE ELEMENTS OF DRUM BOTTOM PLATE 
.I 

.. 
'ELEMENT, TYPE=S4R 
1. 1. 2.  9. 8 
'ELGEN, ELSET=DMBA 
1, 6. 1. 1. 3. 7. 6 
'ELEMENT, TYPE=S4R, ELSET=DMBB 
21, 7.41, 42, 1 4  
22, 14, 42, 43, 21 
23, 21, 43,44, 28 
24. 28. 44, 45, 27 
25, 27, 45, 46, 26 
26, 26, 46, 47, 25 
27, 25, 47, 48, 2 4  
28, 24. 48. 49, 23 
29, 23, 49, 50, 22 
30, 22, 50, 51, 15 
31, 15. 51, 52, 8 
32, 8, 52, 53, 1 
41, 41, 61, 62.42 
'ELGEN, ELSET=DMBB 
41, 12, 1, 1. 3, 20. 20 
'ELSET, ELSET=DMB 
DMBA. DMBB 
.SHELL SECTION, ELSET=DMB, MATERIAL=ST 
0.0478 

* *  GENERATE THE DRUM CYLINDRICAL WALL 
.. .. 
*. NODES .. 
*NCOPY,SHIFT,CHANGE NU=40,0LD SET=DMBI,NNV SET=Ll 
0.0, 0.0, 2.0 
o.o,o.o, o.o.o.o,o.o, 1.0.0.0 
.NCDPY,SHIFT,CHANGE NU=SOO,DLD SET=Ll,NEW SET=L2 
0.0, 0.0, 30.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
*NCOPY,SHIFT,CHANGE NU =40,OLD SET 
0.0.0.0. 2.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 
*NFILL, NSET=DMWl 
DMB3, L1, 2, 20 
*NFILL. NSET=DMWZ 

=L2,NEW SET=L3 

L1. L2, 15, 20 
*NFILL. NSET=DMW3 
LZ, L3, 2, 2 0  
*NODE, NSET=DMW4 
501, 11.5000, 0.0, 34.5 
701, 11.5000. 0.0. 35.0 
*NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=DMWINEW SET=DMW4 
0.0.0.0.0.0 
0.0.0.0.0.0.0.0.0.0. 1.0. +15.00 
'NSET, NSET=DMW 
DMWl, DMW2, DMW3. DMW4 

+*  ELEMENTS 

'ELEMENT, TYPE=S4R. ELSET=DMWl 

'ELGEN, ELSET=DMWl 

.ELEMENT, TYPE=S4R, ELSET=DMW2 

.. 

.I 

101,101,121,122,102 

101.12.1.1.2.20.20 

4411 12; 1, 1,2,20,20 

481,481.5oi. 502,482 
'ELEMENT, TYPE=S4R, ELSET=DMW4 

501, 501,701,702,502 
*ELGEN. ELSET=DMW4 
481, 12, 1, 1 
501, 12, 1, 1 
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"ELSET, ELSET=DMW 
DMW1, DMW2, DMW3. DMW4 
*SHELL SECTION, ELSET=DMW, MATERIAL=Sl 
0.0478 

* *  GENERATE THE NODES OF DRUM LID 

*NCOPY.SHIFT,CHANGE NU= 1000,DLD SET=DMB,NEW SET=DML 
0.0, 0.0, 34.50 

* *  MODIFY NODES 
*NODE, NSET=DML 
1101, 10.5000, 0.0, 34.50 
1102. 10.1422, 2.7176. 34.50 
1103, 9.0933, 5.2500, 34.50 
1104, 7.4246. 7.4246. 34.50 
1105. 5.2500, 9.0933. 34.50 
1106, 2.7176, 10.1422, 34.50 
1107, 0.0, 10.5000, 34.50 
1108. -2.7176, 10.1422, 34.50 
1109, -5.2500, 9.0933, 34.50 
1110, -7.4246, 7.4246. 34.50 
111 1, -9.0933, 5.2500, 34.50 
1112,-10.1422. 2.7176. 34.50 
1113, -10.5000, 0.0. 34.50 

GENERATE THE DRUM LID 

.. 
1. 

0.0.0.0.0.0.0.0. 0.0, 1.0, 0.0 

.. .. 
'ELEMENT, TYPE=S4R 
1001,1001,1002,1009,1008 
.ELGEN, ELSET=DMLA 
1001, 6, 1, 1, 3, 7. 6 
*ELEMENT, TYPE=S4R, ELSET= 
1021, 1007, 1041, 1042, 1014 
1022,1014,1042,1043,1021 
1023,1021,1043,1044,1028 
1024, 1028,1044,1045,1027 
1025, 1027,1045,1046,1026 
1026, 1026, 1046,1047,1025 
1027,1025,1047,1048,1024 
1028,1024,1048,1049,1023 
1029,1023,1049,1050,1022 
1030,1022,1050,1051, 1015 
1031, 1015, 1051, 1052, 1008 
1032,1008,1052,1053, 1001 
*ELEMENT. TYPE=S4R 
1041. 1041, 1061,1062,1042 
*ELGEN, ELSET=DMLC 
1041. 12, 1, 1, 2, 20. 20 
*ELEMENT, TYPE=S4R 
1081. 1081, 1101,1102, 1082 
'ELGEN, ELSET=DMLD 

DMLB 

*NSET, NSET=DM 
OMB, DMW, DML 
'ELSET, ELSET=DM 
DMB, DMW, DML 

.* CLOSING RING, DRUM LID, AND DRUM ASSEMBLY 

'NODE, NSET=RING 
601. 11.7500, 0.0, 34.0670 
621, 11.9330. 0.0. 34.2500 
641, 12.0000. 0.0, 34.5000 
661, 11.9330, 0.0, 34.7500 
681, 11.7500, 0.0, 34.9330 
701, 11.5000, 0.0, 35.0000 
721, 11.2500, 0.0, 34.9330 
741, 11.0670. 0.0. 34.7500 
*NCOPY,SHIFT,MULTIPLE= 12,CHANGE NU= + 1,OLD SET=RING,NEW SET=RING 
0.0, 0.0, 0.0 
0.0.0.0.0.0.0.0.0.0. 1.0, +15.00 
'ELEMENT, TYPE=S4R 
601,481,482,602,601 

.......*...........................I......... .............................................. 
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621,601,602,622.621 
721,701,702,722.721 
761, 741, 742. 1102, 1101 
*ELGEN, ELSET=RINGl 
601, 12, 1. 1 
621, 12, 1, I ,  5, 20, 20 

*ELSET, ELSET=RING 
RINGI, RING2 
'SHELL SECTION, ELSET=RINGl, MATERIAL=ST 
0.50 
*SHELL SECTION, ELSET=RING2, MATERIAL=ST 
0.35 

* *  CLOSING RING BOLT 

*NODE, NSET=BOLT 
1501, 11.500, 0.0. 34.500 
1502, 11.500, 0.5, 34.500 
'ELEMENT, TYPE = T3D2, ELSET = BOLT 
1501,1501,1502 
*SOLID SECTION, ELSET=BOLT, MATERIAL=BOLT 
0.226 

..............*.....**........ 

....I................ f........ 

2 
1501.1.1 .0,1502.1,-1 .O 
'EQUATION 
2 
1501.3.1.0.1 502.3.-1 .O 

**  PAYLOAD 

'NODE, SYSTEM=R 
'NODE 
2001, -4.0, 0.0. 0.024 
2005. 4.0, 0.0, 0.024 
2011. -4.0, 4.0, 0.024 
2015, 4.0, 4.0, 0.024 
.NGEN, NSET=LINEC 
2001. 2005, 1 
*NGEN, NSET=LINED 
2011.2015.1 
*NFILL, NSET=PAYBl 
LINEC. LINED, 2. 5 
*NODE. NSET=PAYB2 
2021, 7.625, 0.0, 0.024 

.*....*..*... *.....**.....**.. 
*..*....**.....*. "..*"*..*.... 

2025, 0.0, 7.625, 0.024 
2026, -3.1526, 7.1968, 0.024 
2027. -5.9775. 5.9775. 0.024 
2028. -7.1968, 3.1526, 0.024 
2029. -7.625, 0.0, 0.024 
*NODE, NSET=PAYB3 
2031, 11.25, 0.0, 0.024 
2032. 10.394, 4.3052. 0.024 

2038, -10.394, 4.3052, 0.024 
2039. -11.25, 0.0, 0.024 
.NSET. NSET=PAYB 
PAYBI. PAYBP. PAY03 
*ELEMENT, TYPE=S4R 
2001,2001,2002,2007,2006 
*ELGEN, ELSET=PAYBl 
2001, 4. 1, 1, 2. 6, 5 
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.ELEMENT, TYPE=S4R, ELSET=PAYB? 

~~~ 

2018,2006.~2028; 2029; 2001 
*ELEMENT, TYPE=S4R 
2021,2021,2031,2032.2022 
*ELGEN, ELSET=PAYW 
2021.8, 1. 1 
'ELSET, ELSET=PAYB 
PAY81. PAY82 
*SHELL SECTION, ELSET=PAYB, MATERIAL=PAYLD 
0.0478 

'NCOPY,SHIFT,CHANGE NU=lOO.OLD SET=PAYBO,NEW SET=PAYWl 
0.0, 0.0, 33.25 

'NFILL, NSET=PAYW 
PAY83. PAYWl. 10.10 
'ELEMENT, TYPE=S4R 
2031, 2031, 2041, 2042, 2032 
'ELGEN, ELSET=PAYW 
2031, 8, 1, 1, 10, 10. 10 
*SHELL SECTION, ELSET=PAYW, MATERIAL=PAYLD 
0.0478 

f.... 

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

I.... 

'NCOPY,SHIFT,CHANGE NU =200,OLD SET 
0.0, 0.0, 33.25 
0.0.0.0.0.0, o.o,o.o, 1.0,o.o 
*ELEMENT, TYPE=S4R 
2201,2201,2202,2207,2206 
'ELGEN. ELSET=PAYTl 
2201.4.1.1.2.5.5 
*ELEMENT, TYPE = S4R. ELSET = PAYT2 
2211.2205.2221.2222.2210 
2212,2210,2222,2223,2215 
2213, 2215,2223, 2224,2214 
2214, 2214,2224, 2225,2213 
2215, 2213, 2225,2226, 2212 
2216,2212,2226,2227,221 1 
2217,2211,2227,2228,2206 
2218, 2206, 2228, 2229, 2201 
*ELEMENT, TYPE=S4R 
2221,2221, 2131, 2132, 2222 
TLGEN, ELSET=PAYT2 

=PAYE .NEW r SEl '=PAY7 

PAGE. ?AUW. PAYT 
*SHELL SECTION, ELSET=PAYT. MATERIAL=PAYLD 
0.0478 

**  GENERATE THE ELEMENTS OF CONCRETE PAD 
* *  lo' X lo' RECTANGULAR HALF SECTION IN0 INFI 

*NODE, SYSTEM=R 
'NODE. NSET=Cl 
60001. -60.0, 0.0, -8.0 
'NODE, NSET=C2 
60004. -45.0, 0.0, -8.0 
'NODE, NSET=C3 
60034, 45.0, 0.0. -8.0 
+NODE. NSET=C4 
60037, 60.0. 0.0. -8.0 
*NFILL. NSET=LINEl 
c1. c2.3 
C2, C3, 30 

..I.. 

.. 

c 3  c4.3 
*fkOPY,SHIFT,CHANGE NU=SOO,OLO SET=LINEl.NEW SET=LINEZ 
0.0, 30.0, 0.0 
0.0.0.0.0.0.0.0.0.0, 1.0.0.0 
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*NCOPY,SHIFT,CHANGE NU=BOO,OLD SET=LINE?,NEW SET=LINE3 
0.0, 30.0, 0.0 

'NFILL, NSET=CONCl 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

LINEl, LINE2, 10, 50 
LINEP, LINE3, 6, 5 0  
'NCOPY,SHIFT,CHANGE NU-2000,OLD SET=CONCl,NEW SET=CONCZ 
0.0, 0.0, 2.0 
o.o,o.o,o.o,o.o,o.o, 1.0.0.0 

0.0, 0.0. 2.0 
o.o,o.o, 0.0.0.0, 0.0. 1.0,o.o 

n n n o  2.0 

*NCOPY,SHIFT.CHANGE NU =2000,OLD SET-CONC2,NEW SET=CONC3 

*NCOPY,SHIFT,CHANGE NU - 2000,OLO SET=CONCI,NEW SET= CONC4 
. ., . ., ~ 

0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0.0.0, 2.0 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

'NCOPY,SHIFT.CHANGE NU=2000,OLD SET- CONC4,NEW SET=CONC5 

'NSET,NSET= CONCO 
CONCl, CONC2. CONC3. CONC4, CONC5, 

* *  GENERATE THE SOIL NODES 

*NCOPY, SHIFT, CHANGE NU=20000. OLD SET=CONCl, NEW SET=SOILl 
0.0, 0.0, -50.0 

'NCOPY, SHIFT, CHANGE NU=2000. OLD SET=SOILl, NEW SET=SOIL2 

.. .. 
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 

0.0.0.0, +20.0 
o.o,o.o,o.o. o.o,o.o, 1.0.0.0 
.NCOPY. SHIFT, CHANGE NU=2000, OLD SET=SOIL2, NEW SET=SOIL3 
o.o,o.o, +10.0 

.. . 
0.0, 0.0, + 5  
0.0.0.0.0.0.0.0.0.0. 1.0.0.0 
.NSET.NSET= SOIL0 
SOIL1, SOIL2. 50113. SOIL4, SOIL5 

**  CONCRETE PAD ELEMENT 

*ELEMENT, TYPE=CBDBR 
60001, 60001,60002,60052,60051,62001,62002,62052,62051 
'ELGEN, ELSET=CONCl 
60001, 36, 1, 1. 16, 50, 50 
*ELCOPY,OLD SET= CONCl ,NEW SET=CONCZ,ELEMENT SH = 2000,SHIFl 
'ELCOPY,OLD SET= CONC2,NEW SET=CONC3,ELEMENT SH = 2000,SHIFl 
'ELCOPY,OLD SET= CONC3,NEW SET= CONC4,ELEMENT SH = 2000,SHIFl 
'ELSET, ELSET=CONC 
CONC1, CONCP, CONCS, CONC4, 
.SOLID SECTION, ELSET= CONC, MATERIAL= CONCRETE 

.. 
1. 

.. 

. NO =ZOO0 

. NO =ZOO0 

. NO = 2000 

+' GENERATEREBARS 

*REBAR,ELEM =CONTINUUM,MAT=REBAR,GEOM = ISOPARAMETRIC,NAME= LX 
I .  

CONC1.0.60.12 0.0.0.1.0.4.2 
*REBAR,ELEM = CONTINUUM.MAT= REBAKGEOM = ISOPARAMETRIC.NAME = LY 
C0NC1,0.60.12.0,90..1.0.4.2 
*REBAR,ELEM =CONTINUUM.MAT =REBAR.GEOM -1SOPARAMETRIC.NAME = UX 
CONC4.0.60.12.0.0 0.0.0.4.2 
*REBAR.ELEM = CONTINUUM.MA1 = REBAR.GEOM = ISOPARAMETRIC.NAME = UY 
C0NC4.0.60,12.0.90..0.0.4.2 

*. GENERATE THE SOIL 

.ELCOPY.OLD SET=CONCl.NEW SET=SOILl.ELEMENT SH=20000.ShlFT NO.-20000 
'ELCOPY.OL0 SET=SOILl.NEW SET=SOILZ.ELEMENT SH=ZOOO.SHIFT NO-2000 
'ELCOPY.OL0 SET=SOILZ.NEW SET=SOILJ.ELEMENT SH=2000,SHIFT NO-2000 
'ELCOPY.OLD SET=SOILJ.NEW SET= SOIL4,ELEMENT SH= 2000,SHIFT NO- 2000 
*ELEMENT, TYPE = C3D6. ELSET = SO115 
.ELEMENT. TYPE=C3D8R 
88001, 88001. 88002. 88052. 88051, 60001. 60002,60052,60051 
'ELGEN. ELSET=SOIL5 
88001. 36. 1, 1, 16, 50, 50 
'ELSET. ELSET 
SOILl. SOIL2. SOIL3 

1. 

.. 
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'SOLID SECTION, ELSET-SOIL, MATERIAL=SOIL *........*......*.. 
I .  

* *  ASTMA36 
.I 

5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.50521-4 
*FAILURE 
0.30, 0.25 
1. 

*' CLOSING RING BOLT MATERIA1 
* *  ASTM A307. GR. C .* 
'MATERIAL, NAME=BOLl 
'ELASTIC 
29.0E6, 0.3 
'PLASTIC 
36000.. 0. 
60000.. 0.23 
30000.. 0.24 
10000.. 0.25 
5000.. 0.26 
1000.. 0.27 
'DENSITY 
7.5052E-4 
'FAILURE 
0.30.0.25 
'MATERIAL, NAME = PAYLD 
*ELPISTIC 
29.016. 0.3 
*DENSITY 
0.02437 
*materialname = concrete 
* *  4000 PSI CONCRETE 
*density 
1.95E-04 
'elastic 
3.6E+06,0.15 
*ducker prager 
35.1.1.0.35.1 
'drucksr prager hardening 
2250..0.0 
3900..0.0013 
3000.,0.0024 
2400.,0.0034 
1790.,0.0044 
11 80.,0.0054 
800.,0.006 
100..0.0061 
*material,name =soil 
'density 
1.6471-04 
'elastic 
5700.,0.35 
'drucker prager 
35.2.0.8235.2 
'dwcker wager hardening 
2.0.0.0 
6.54.0.0055 
8.64.0.01 56 
9.96.0.0259 
10.68.0.0362 
10.98.0.0467 
11.1.0.0573 
11.04.0.068 
10.8,0.0788 
10.44.0.0897 
9.9.0.1 
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9.0.0.1 12 .. 
* *  REBAR STEEL 

*MATERIAL, NAME=REBAR 
'DENSITY 
7.341-4 
'ELASTIC 
29.5E6, 0.30 
*PLASTIC 

.. 

'*0.30, 0.03 *. 
* *  ELEMENT SET DEFINITIONS 

'ELSET,ELSET = ALLEL 
DMB, DMW, DML 
RING, BOLT 
PAY. 

.. 

.. 
NODE SET DEFINITIONS 

f. 

'NSET,NSET=ALLND 
DMB, DMW, DML 
RING, BOLT 
PAY, 
*NSET,NSET=YSYMM,GENERATE 
60001.60037.1 

84001;84037,1 
86001 36037.1 
88001.88037.1 
*NSET,NSET=YSYMM,GENERATE 
1, 7. 1 
41, 53, 12 
61, 73, 12 
81, 93, 12 
101,501.20 
113, 513, 20 
613,693, 20 
701,741, 20 
713, 753, 20 
1001,1007,1 
1041, 1053, 12 
1061, 1073, 12 
1081, 1093, 12 
1101, 1113, 12 
1501. 1501,l 
2001,2005,l 
2021. 2029. 8 
2031,2131, 10 
2039,2139, 10 
2201,2205.1 
2221, 2229, 8 
'BOUNDARY 
YSYMM,YSYMM 
SOIL1.1.3 

*INITIAL CONDITIONS,TYPE = VELOCITY 
ALLND.3,-968.0 
'STEP 
'DYNAMIC,EXPLICIT 
,20.0E-03 

* *  DEFINE THE CONTACT SURFACES BE1 
* *  THE DRUM BOTTOM AN0 TARGET 

...................*.I 

.. 

.. WEEN 
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.SURFACE DEFINITION,NAME=CONC4T 
CONCIS2 
'SURFACE DEFINITION,NAME=DMBOT,NO THICK 
DMB,SNEG 
TONTACT PAIR 
CONC4T.OMBOT .. 

DEFINE THE CONTACT SURFACES BETWEEN 
* *  THE DRUM INSIDE AND PAYLOAD OUTSIDE 

'SURFACE DEFINITION.NAME= DMINS,NO THICK 
DMBSPOS 
DMWISPOS 
DMW2,SPOS 
DMW3,SPOS 
DMW4,SPOS 
DMLSNEG 
RING2,SNEG 
'SURFACE DEFINITION,NAME=PAYOUT,NO THICK 
PAYBSNEG 
PAYWSNEG 
PAYTSPOS 
*CONTACT PAIR 
0MINS.PAYOUT 

'NSET,NSET = DMDIS,GENERATE 
4.4.1 
1004.1 004.1 
101.1 13.3 
301.313.3 
541.553.3 
*ELSET,ELSET= DMBST,GENERATE 
61.66.1 
8136.1 
'ELSET,ELSET=DMBST 
OMBA. 
'ELSET,ELSET = DMWST,GENERATE 
101,106.1 
121.126.1 
141.421.20 
142.42220 
143.42320 
441,446.1 
461.466.1 
481.486.1 
501.506.1 
*ELSET,ELSET = DMLST,GENERATE 
1061.1066.1 

.. 

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

1081.1 086.1 
*ELSETELSET= DMLST 

681.686.1 
701.706.1 
721.726.1 
741.746.1 
761,766.1 
*ELSET,ELSET = BOLTST,GENERATE 
1501.1 501.1 

.HISTORY OUTPUT, TlME=0.5€-5 
'NODE HISTORY, NSET=DMDIS 
U. V. A 
*EL HISTORY, ELSET=DMBST 
MISES, 
PEEQ, 
SENER, 
PENER, 
'EL HISTORY, ELSET=DMWST 
MISES. 
PEEQ. 
SENER, 
PENER, 
'EL HISTORY, ELSET=DMLST 

.............................. 
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MISES, 
PEEO, 
SENER, 
PENER, 
'EL HISTORY, ELSET=RINGST 
MISES, 
PEEO, 
SENER, 
PENER, 
'EL HISTORY, ELSET=BOLTST 
MISES, 
PEEO, 
SENER, 
PENER, 
'FILE OUTPUT, NUMBER INTERVAL= 100 
*NODE FILE 
RF. 
'MONITOR,NODE= 301 .DOF=3 
'END STEP 
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Problem completely defined. 

Appropriate analytical method used. 

Necessary assumptions are appropriate and explicitly stated. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document. 

Sources of non-standard formula/data are referenced and the correctness of 
the reference verified. 

Data checked for consistency with original source information as applicable. 

Mathematical derivations checked including dimensional consistency of 
results. 

Models appropriate and used within range of validity or use outside range of 
established validity justified. 

Hand calculations checked for errors. 

Code run streams correct and consistent with analysis documentation. 

Code output consistent with input and with results reported in analysis 
documentation. 

Acceptability limits on analytical results applicable and supported. Limits 
checked against sources. 

Safety Margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

have checked the analysis/calculation and it is complete and accurate to  the best of my 
tnowledge. 

:ngineer/Checker Scott Sh iraaa :: ///A 
UOTE Any hand calculations, notes or summaries generated as  part of this check should be signed, dated, and attached 
o this checklist. Material should be labeled and recorded so that it is intelligible to  a technically qualified third party. 

Date 09/01 198 

87-21 7 



HNF-2209, Rev. 0 

7.7.2 Engineering Safety Evaluations 

7.7.2.1 55-Gal Drum Vibration Evaluation. 

ENGINEERING SAFETY EVALUATION 

Subject: 55 Gallon Drum Vibration Evabation Page Jof 5 
Preparer: S. S. Shiraqa A&%+$& Date 9/15/98 
Checker: S. N. Huana Date 9/17/98 
Section Chief: R. J. Smith &/&%& Date 9/17/98 

1 .O OBJECTIVE 

The objective of this evaluation is to assess the vibrational performance of 55 gallon drums 
during normal transport. 

2.0 REFERENCES 

ANSI, Draft American National Standard Design Basis for Resistance to Shock and Vibration 
of Radioactive Material Packages Greater than One Ton in Truck Transport, ANSI N14.23, 
American National Standard Institute, New York, New York, 1980. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

The basic assumption of this evaluation is all drum shipments are one-way, and the drums 
are not subjected to high cyclic transportation loading. For conservatism it is also assumed that the 
drums are subjected to vertical shock loading specified in ANSI N14.23 due to the relatively light 
weight of the packages. The loading on the closure ring joint is idealized as the transverse loads 
from the entire weight of the drums loading, increase by 2 for shock loads, against the closure ring. 
This vertical loading is idealized as producing a pseudo-pressure on the closure ring which results in 
a load tending to  separate the closure ring and thereby producing a load on the closure bolt joint. 

Result of this evaluation shows that based on an assumed distance of 10 miles, at an 
average speed of 35 mph, at the highest probable frequency of 5 Hz, the number of cycles on the 
drums is very low at approximately 5,200 cycles. The evaluation also shows that the natural 
frequency of the drum lid is significantly higher than the highest probable frequency. 
Consequently, no load amplification will occur on a continuous basis. Evaluation of the closure ring 
joint shows that a 29 continuous shock loading there is not sufficient force applied to  the bolt to 
result in loosening during transport. This is demonstrated by a large margin of the forcing tending 
t o  loosen the bolt versus the force applied by a tightening torque of 40  ft-lb on the bolt. 
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ENGINEERING SAFETY EVALUATION 

Subject: 55 Gallon Drum Vibration Evaluation Page 2 o f  5 
Preparer: S. S. Shiraaa Date 9/15/98 
Checker: S. N. Huana ,hk Date 9/17/98 
Section Chief: R. J. Smith 6 Date 9/17/98 

4.0 EVALUATION 
Drum Vibrational Analysis: 
On this package as specified in ANSI N14.23 consider only vertical vibration. However since this is a light 
package assume the shock load of 2gs in the vertical direction is the normal loading. 

i Fv 

Determine first three resonance frequencies of drum lid and compare with transporf vibration: 
lbf 

Elastic modulus: E, 29.6106.psi Poisson’s Ratio: v = 0.3 Material density: p zO.28- 
in3 

lid Diameter of l id  d lid = 23.5in Radius of l id r lid =- 
2 

Idealize drum lid as a circular plate and determine natural frequerrcies: 

~ s ’ t  l i d  

12.L - “2) 
Lid thickness: t lid := 0.0478in Stiffness of plate: D :=- 
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ENGINEERING SAFETY EVALUATION 

Subject: 55 Gallon Drum Vibration Evaluation Page 3 o f  5 
Preparer: S. S. Shiraaa Date 9/15/98 
Checker: S. N. Huana &I/+ Date 9/17/98 
Section Chief: R. J. Smith A&- Date 9/17/98 

B 3 =299.& ' 

Since normal transport vibrafion is 5 Io 7 €I&, 99.9 % of the time, no load amplification occurs. 

Determine number of cycles for a typical transport. 

Projected travel distance: dist := lOmi Projected average speed of conveyance: v '= 35mph 

dist Nominal frequency of transport: f = 5.Hz Number of loading cycles: n cyc --.f n cyc = 5143 

This is an extremely low number of cycles, combined with low load amplitude and relative displacement, 
fatigue is not a problem. 

Determine loading on closure ring bolts: 

V 
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ENGINEERING SAFETY EVALUATION $9 
Subject: 55 Gallon Drum Vibration Evaluation Page &of 5 
Preparer: S. S. Shiraaa Date 9/15/98 
Checker: S. N. Huana h/f Date 9/17/98 
Section Chief: R. J. Smith &?& Date 9/17/98 

Idealize as a ring loaded by vertial force tending to open closure ring and forcing apart the bolted joint. Insert a 
pseudo-pressure to act as driver for force acting to spring apart the bolted joint. 

Thickness of closure ring: t d 0.0533in lid 
R d  =T- Radius of lid: 

Radius of closure ring: r ring = 0.3125in Weight of package: w d = 14501bf 

Inertial loading from shock n i = 2 Force springing closure ring: F 2.w d 

Ibf f = 39.28-- 
in 

F" Force per unit length of circumference: f : = - 
'd lid 

Unit length: unit := 1.in 
fv.unit 

2'rringt d 
Pseudo-pressure on ring: p .= - p = 1179psi 

Resultinghorizontal load on bolt due to vibration tending to loosen bolt: 

Determine holding force on bolt: 

The block on the figure represents an element of the nut bearing against the ramp formed by the unwrapped 
and flattened thread. Since the system is in equilibrium, all forces, with due regard to direction and sign will 
balance one another. In other words all the forces acting parallel to the ramp will sum up to zero and the sum 
of all forces acting normal to the ramp will equal zero. 

F h =p ..(2.Rd.t d) F h  = 1477lb 

Fcos(a) 

Tlr 
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ENGINEERING SAFETY EVALUATION 

mul 

Subject: 55 Gallon Drum Vibration Evaluation Page 5 o f  5 
Preparer: S. S. Shiraea L&@’ Date 9/15/98 
Checker: S. N. Huana h& Date 9/17/98 
Section Chief: R. J. Smith x/K- Date 9/17/98 

Derive equation for applied force on joint: 

CN=O N- Fcos(a) - h n ( a ) =  T zF=O -.cos(a) - pN- Fsin(a)=O and 
1 1 

The term (T/r)sin(a) is very small subsequently ignore. 

T 
Combinethe two and solve for F 

cos(a) cos(a) 

This is the force applied to the bolt from the preload. Also r in this case is the diametral pitch 

Closure bolt is 3/8-16 UNC. 

Diametrical pitch dp 0.330in Helix angle: a = 3.4deg 

Coefficient ofthread friction: p =0.15 Preload torque: Ttight =4@f%Ibf 

F tight =6888.lbf Ttight 

dp.(p +tan(!)) 
Clamping force from preload F tight = 

Since Fdgh, significantij higher than F or force tending to loosen joint, bolt will not loosen. 

87-222 



HNF-2209, Rev. 0 

7.7.2.2 Drum Normal Transfer Conditions Penetration Test Evaluation. 

ENGINEERING SAFETY EVALUATION 

Subject: Drum NTC Penetration.Test maluation Page 1 of 2 
Preparer: S. S. Shiraaa #& Date 9/16/98 
Checker: S. N. Huana h/&+Y% Date 9/17/98 
Section Chief: R. J. Smith &m&& Date 9/17/98 

1.0 OBJECTIVE 

The objective of this evaluation is to  determine the minimum thickness of material to 
prevent perforation of either a retrieval or standard drum. 

2.0 REFERENCES 

Bangash, M.Y.H.. 1993, Impact and Explosion Analysis and Design, CRC Press, Boca 
Raton, Florida. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

In this analysis it is assumed the drum material is a mild to  medium steel with a Brinell 
hardness of less than 350. For this steel the Kar steel target formula is used to  determine the 
minimum thickness of steel to prevent perforation by a 13 Ib rod having a spherical nose of 1.25 in 
diameter falling from a height of 1 m. Use of the Kar empirical formula shows that the minimum 
thickness of steel to  prevent perforation is 0.008 in. The minimum thickness of a retrieval drum is 
0.030 in and a standard drum is 0.0428 in. Consequently, penetration under DOT test conditions 
can be precluded. 
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ENGINEERING SAFETY EVALUATION 

Subject: Drum NTC Penetration Test Evaluation Page 2 of 2 
Preparer: S. S. Shiracra , & Date 9/16/98 
Checker: S. N. Huancl *knc/ Date 9/17/98 
Section Chief: R. J. Smith nZ f l k -  Date 9/17/98 

4.0 EVALUATION 
Determine Minimum Drum Thickness to Prevent Penetration: 

Using Kar steel target formula for mid to medium hard homogeneous steel, determine penetration thickness to 
prevent perforation of steel (Bangash, 1993, page 385): 

Assumed Brinell Hardness of steel: BHN = 150 Diameter of impact rod d 1.25in 

Massofrod: m := 13.lb Modulusoftarget: E .=3Oldks i  

ft Velocity of rod for a lm drop: 

Radius of nose to diameter of rod 

Nose shape factor assume n=1/2 

v := 14.53- 
SeC 

1 n := - 
2 

N := 0.72+ 0.25(; - 0.25) 
0.5 

Penetrability coefficient: K p  := 0'632BHN+ 94.88 
275 

Minimum thickness to pevent perforation: 

ob57 

-. 
29000ksi 

t =0.008.in P t p  = 

By this empirical method, an 8 mil thick sheet will prevent perforation of mid to medium steel. 
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8.0 THERMAL EVALUATION 

8.1 INTRODUCTION 

Within the boundaries of the Hanford Site, two types of drums are used. The most 
common are the standard 208 L (55-gal) drum packages used to transport and store TRU and 
non-TRU wastes in both liquid and solid form. Less common are the retrieval drums. These drums 
are retrieved from noncompliant RCRA storage for characterization, transfer, or other operations. 

Depending on content, the standard 208 L (55-gal) drums meet one of three drum 
specifications and have one-to-four containment barriers. As a function of the contents, the heat 
load in the drums may vary up to a maximum of 12 W for solid payloads and 0.75 W for liquid 
payloads. The objective of this evaluation is t o  envelope the variations in drum specification, gross 
weight, form of content, heat load, and number of containment boundaries to demonstrate the 
thermal performance of the standard 208 L (55-gal) drum packages under NTC. This evaluation 
does not provide any evaluation of accident conditions, since in the risk assessment of these 
packages they are assumed to fail hypothetical thermal accidents. 

In the cases of retrieval drums, they are assumed to only meet the dimensional 
requirements of the standard 208 L (55-gal) drum specification. These drums are assumed to  have 
a wall thickness of 0.76 mm (0.030 in). From a thermal evaluation standpoint these drums are 
assumed to  have the same characteristics and properties of the standard 208 L (55-gal) drum. 

Drums with a high-activity content as specified in Part A of this SARP shall be shipped in 
NuPac Model N-55 Overpack System (NuPac 1987). This system has been demonstrated and 
certified by the U.S. Nuclear Regulatory Commission to provide overpacked drums with fire and 
impact resistance per 10 CFR 71 for contents with a heat load of up to 5 W. Consequently, the 
thermal performance of this system is not evaluated in this section. 

8.2 ENVELOPING THERMAL EVALUATION OF PACKAGE 

8.2.1 Package Description 

The 208 L (55-gal) drum configurations approved for onsite transport are the DOT 
Specification 17C, 17H, and Type A-UNlA2. These drums are metal containers in the shape of a 
right circular cylinder constructed of carbon steel with three swaged or rolled hoops. All three 
drum types are similar in construction and have a usable interior height of 85.1 cm (33% in.) and 
an inside diameter of 57.2 cm (22% in.). The drums are equipped with removable gasketed heads, 
which are retained during transport by a bolted locking ring. The locking ring is constructed of 
12-gauge carbon steel with drop forged lugs. The ring is locked together by a bolted assembly 
consisting of a %-in.-diameter bolt and hex nut. Typical drum dimensions are shown in Figure B8-1. 
The drums are sealed with an elastomeric gasket that is bonded to the underside of the removable 
head. 

DOT-17C drums are constructed entirely of 16-gauge carbon steel. The DOT-17H drum 
body and bottom head are constructed of 18-gauge carbon steel. For the DOT-l7H, the removable 
head is constructed of 16-gauge carbon steel. Both drums have the bottom head double seamed to 
the body with a nonhardening seaming compound. The side seams are welded. The top head is 
2.22 cm ('/a in.) deep and fully removable with a convex head. The top head fits over a rolled false 
wire at the open end and secured to the body by the locking ring. 
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Figure B8-1. Typical Drum Dimensions. 

The Type A-UNIA2 drums are similar in construction to the DOT-17C and -17H drums. 
These drums are manufactured to specifications WHC-S-0465 and WHC-S-0466, which define the 
DOT-7A. Type A performance standards and the UN performance standards. Conformance with 
these performance standards is demonstrated by the manufacturer. 

The retrieval drums are assumed to have the same outer dimensions of a standard 208 L 
(55-gal) drum. However the wall thickness of the lid, bottom, and drum walls are assumed to be 
only 0.76 mm (0.030 in.) thick. 

As an enveloping case for liquid drum contents, the assumed internal heat load is 0.75 W. 
To envelope solid drum contents, the assumed internal heat load is 12 W. In the case of the liquid 
drum contents, the liquid is assumed to be contained in a polyethylene bottle, which is packed in 
the center of a polyethylene inner liner with absorbent material, all within the drum. For solid drum 
contents, the solids are assumed to  be distributed in the total volume of the drum. The 
polyethylene liner is assumed to have a wall thickness of (0.090 in.) with an outer diameter of 
(22 in.). Assumed enveloping dimensions of the polyethylene bottle are an outer diameter of (6 in.) 
with a wall thickness of (3/16 in.). 

8.2.3 Material Properties 

The drum, locking ring, and closure bolts for all drums are assumed to be manufactured 
from ASTM A-36 carbon steel. The drum gaskets are manufactured from various synthetic 
elastomeric rubbers. All of these synthetic rubbers have a operating range equal t o  or greater than 
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Materials 

Carbon steel 

Polyethylene 

Absorbent 

Air 

-40 "C to  70 "C with a Shore A durometer range from 40 to 100. For this evaluation the gasket 
material is assumed to  be Nitrile (Buna N) rubber. This is a common gasketing material, which 
envelopes the material properties of the various rubbers commonly used as drum gaskets. Buna N 
rubber has an operating service temperature range of -54 "C to 135 "C with a Shore durometer 
range of 20 to 90  (Parker 1991). 

To envelope the thermal properties of internal components for liquid drum contents, the 
inner liner is assumed to be manufactured from medium density polyethylene and having a 
thickness of (0.090 in.). The absorbent packing material between the polyethylene bottle and inner 
is conservatively assumed to have the same insulating properties as loose asbestos. The 
polyethylene bottle is assumed to have the same insulating properties as the inner liner with a 
thickness of (3/16 in). The thermal conauctivity of the materials used in this evaluation are 
provided in Table B8-1. 

Temperature Thermal conductivity 
"F wattlm-"C (BTUls-in-"F) 
70 55.39 (0.000741) 

400 48.81 (0.000653) 
0 0.41 (0.000005544) 

203 0.41 (0.000005544) 
32 0.154 ( 0.00000205)* 

212 0.161 ( 0.00000215)' 
100 0.027 (0.000000356) 
200 0.030 (0.0000004031 

Table B8-1. Material Properties. 

The material emissivities used in the evaluation are obtained from WHC-SD-TP-RPT-005 
(Irwin 1996). The emissivity of painted carbon steel used to determine solar heat loading is 0.9. 
For determination of radiative heat transfer of the gap between the carbon steel drum and the 
polyethylene liner, the effective emissivity factor for carbon steel to fiberglass of 0.82 is assumed. 

8.3 NORMAL TRANSFER CONDITIONS THERMAL EVALUATION 

8.3.1 Conditions To Be Evaluated 

Thermal performance of the package is assessed for Hanford Site NTC in this section. The 
package is evaluated for the worst-case Hanford Site thermal loading condition of still air ambient 
temperature of 46 OC (1 15 O F )  (Fadeff 1992) with decay heat sources with and without solar 
insolation. For enveloping the liquid and solid contents of the drum, the effects of the following 
two  heat sources are evaluated: 
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1. A 4 L polyethylene drum filled with 1.7 L of material, packed in an absorbent 
material in a polyethylene inner liner, generating a worst-case heat load of 0.75 W. 

2. A uniformly distributed solid, generating a worst-case heat load of 12 W. 

8.3.2 Acceptance Criteria 

The criteria for acceptable performance of the package is that the accessible surface of the 
package in still air at 46 "C (1 15 "F) and in the shade is not to exceed 82 OC (1 85 OF). This is based 
on this package being transported as an exclusive-use shipment. Also the temperature of liquid 
contents under solar insolation are not to reach the boiling point of water for normal operating 
conditions. As input to the NTC structural evaluation, the temperatures of critical components at 
maximum ambient temperature, maximum content heat source, and under full solar insolation are 
provided. Drum gasket temperatures are not to exceed the exterior temperature of the 
manufacturer's recommended operating service temperatures. 

8.3.3 Thermal Evaluation and Conclusions 

In Appendix 8.5, because of the variability of the type and form of the contents, two  cases 
are evaluated to envelope the contents. The first enveloping case assumes a liquid content with a 
0.75-W heat source and packaged as described above. In this evaluation the temperatures of the 
contents and outer surface of the drum are determined both under solar insolation and in the shade. 
To envelope the solid contents, the second case considers the worse-case 12-W heat source as 
uniformly distributed inside the drum with and without solar insolation. In all cases where solar 
insolation is applied, the sun is assumed to shine on the drum for 12 hours at the worst solar angle. 
The maximum ambient temperature is assumed as 46 "C (1 15 "Fl. 

Results of this evaluation in all cases show the exterior temperatures of the drum under 
solar insolation are below 93 OC (200 O F )  for the limiting temperatures in the structural evaluation. 
Also, assuming the maximum exterior temperature of the drum is the temperature of the gasket, 
the evaluation demonstrates that the temperatures do not exceed the manufacturer's recommended 
operating temperatures for gasket materials. In all cases the results also show the drum meets the 
NTC exterior surface temperature requirement of 82 "C (1 85 OF) in the shade for exclusive-use 
shipments. As a worst case, evaluation results show the liquid contents of a drum under the 
defined parameters does not reach 100 "C (212 O F ) ,  which is the boiling point of water. 

8.4 REFERENCES 

10  CFR 71, "Packaging and Transportation of Radioactive Materials," Code of Federal Regulations, 
as amended. 

Bayazitoglu, Y., and M. Ozisik, 1988, Elements of Heat Transfer, McGraw-Hill Book Company, 
New York, New York. 

Fadeff, J. G., 1992, Environmental Conditions foron-site Hazardous Materials Packages, 
WHC-SD-TP-RPT-004, Rev. 0, Westinghouse Hanford Company, Richland, Washington. 

Irwin, J. J., 1996, Thermal Analysis Methods for Safety Analysis Reports far Packaging, 
WHC-SD-TP-RPT-005, Rev. 0, Westinghouse Hanford Company, Richland, Washington. 
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NuPac, 1 987, Application for NRC Certificate of Compliance Authorizing Shipment of Nuclear 
Materials in NuPac Model N-55 Packaging, Nuclear Packaging, Incorporated, Federal Way, 
Washington. 

Parker, 1991, Parker 0-Ring Handbook, ORD 5700, Park Seals Group, Lexington, Kentucky. 

Resource Conservation and Recovery Act of 1976, as amended, 42 USC 6901 et seq, 
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8.5 APPENDICES 

8.5.1 Thermal With Solar (Liquid Content) Evaluation 

fa ENGINEERING SAFETY EVALUATION v - 

1 .O OBJECTIVE 

The objective of this evaluation is to  determine the NTC exterior surface temperature of a 55 
Gallon drum with a liquid content. Also, for this evaluation the maximum internal temperature 
of the contents is determined. 

2.0 REFERENCES 

Irwin, J. J., 1995, WHC-SD-TP-RPT-005, Rev. 1, Thermal Analysis Methods'for Safety Analysis 
Reports for Packaging, Westinghouse Hanford Company, Richland, Wash. 

Fadeff, J. G., 1992, WHC-SD-TP-RPT-004, Rev. 0, Environmental Conditions for On-site 
Hazardous Material Packages, Westinghouse Hanford Company, Richland, Wash. 

Bayazitoglu, Y. & Ozisik, M., 1988, Elements of Heat Transfer, McGraw-Hill Book Company, 
New York, New York. 

ORNL, 1970, Cask Designer's Guide, ORNL-NISC-68, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

Mathcad Plus 5, 1994, User's Guide, Math Soft Inc., Cambridge, Massachusetts. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

In this evaluation, it is conservatively assumed that the sun shines on the drum for 12  hrs at 
the worst solar angle. It is also assumed that the drum is suspended in the air, so as to 
conservatively negate conduction exterior to  the package. The drum dimensions of a 17-H 
drum are assumed. As a worst case the contents is assumed as a single 4 liter polyethylene 
bottle filled with 1.7 liters of liquid generating a heat load of 0.75 watts. The bottle is assumed 
to  be centered and packed tightly with absorbent material in a drum with a 90-mil polyethylene 
liner. The absorbent material is assumed to  have the thermal conductivity of loose asbestos. 
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w ENGINEERING SAFETY EVALUATION 

S u b j e c t : L  Page 2 o f 3  
Preparer: S S Shiraqa & Date 4/23/98 
Checker: P C Ferrell 'H+ Date 9/15/98 
Section Chief: R. J. Smith A&- Date 9/15/98 

Results of the evaluation show that under worst case solar insolation the exposed external 
surface temperature of the drum is 62 O C  (144 OF). In the shade the external temperature of 
exposed tank surfaces is 46 'C (1 15 OF). Based on this evaluation, it is demonstrated that the 
exposed external surface temperature of the tank is below the temperature required for normal 
non-exclusive use transport of the 55-Gallon steel drum. 

The liquid contents temperature is determined by a conservative and simplified one-dimensional 
evaluation, based on the internal heat load from the contents and the maximum drum exterior 
surface temperature. Results of this evaluation with the above assumptions show the 
temperature of the contents is 7 2  "C (161 "F). 
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ENGINEERING SAFETY EVALUATION 

Subject: NTC 55-Gallon Drum Thermal wl Solar (Liauid Content) 
Preparer: S S Shiraaa Date 4/23/98 
Checker: P C Ferrell PC4 . Date 9/15/98 
Section Chief: R. J. Smith A,@- Date 9/15/98 

Page 3 o f 1 1  

4.0 EVALUATION 
NTC Thermal Evaluation of 55 Gallon Drum with Liquid Contents with Solar Loading: 

Determine temperature of outer surface with solar insolation. Assume sun shines on top and halfthe side of 
the cylinder. For conservatism, assume the drum is suspended in the air. Assume drum is a 17H drum. 

Evaluate as steady state heat transfer for the drum idealized as a right circular cylinder: 

Free convection coefficients from Irwin, 1995. 

Free convection coefficient for a vertical cylinder: 

BTU k, .=0.29- 
hrf? 

Free convection coefficient for a horizontal 
surface with hot surface facing up: 

Free convection coefficient for a horizontal 
surface with cold surface facing up: 

BTU kc, '=0.12.- 
hr.ft2 

Height ofvertical plane: h vp .= (34+ :).in 

Inside diameter of drum: d drum := 22.5in 

Drum wall thickness: t wd := 0.0428in 

Outside diameter ofdrum, ignore hoops: d od '=  d drum + 2.t wd d od = 22.59411 

Outside diameter of drum lid: d lid .= 23 + - . ( 3 in 
n .d li; 

Vertical surface area of cylinder: A n .d od.h vp Surface area of ends: A end = 
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w 

Subject: NTC 55-Gallon Drum Thermal w l  Solar (Liauid Content) 

Checker: P C Ferrell 'E& Date 9/15/98 
Section Chief: R. J. Smith &&- Date 9/15/98 

Page 4 o f 2  
Preparer: S S Shiraqa &? Date 4/23/98 

Total surface area of drum: A tot :=A + 2.A end 

'A khs'A end + kcs'A end Combined convection constant: hd + ~ 

1 

Radient heating constant: 

Stefan-Boltzman's natural constant: 0 sb ' = 0 . 1 7 1 4 1 0 8 ~ ~  
hr.ft2.R4 

Emissivity of painted carbon steel (Irwin, pg 29): E := 0.9 

I 

R 4  
_- 

Determination of solar loading from Cask Designers Guide ( O N ,  1970): 

Assume solar angle of declination relative to vertical for maximum loading: 

Solar heat loading for various surfaces, hourly average loading based on a 12 hr period: 

Solar heat loading is from Fadeff, 1992, page 8 & 9. 

0 sol '= 30deg 

BTU BTU Flat horizonatl surfaces: q fsh 2386- Curved surfaces : q fsc = 1193- 
A2 3 

Solar heat loading for hourly averaged loading based on a 12 hr period t hr .= 12.hr 

fsh wan 

hr m2 
Flat horizontal SUrfaCeS: Q fsh =r Q fsh = 62T- 

wan q fsc Curved surfaces: Q fsc =- 
thr m2 

Qfsc=314- 

Conservative internal heat load q int = 0.75watt 

Assumed solar absorptivity: a sol = 0.9 
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e ENGINEERING SAFETY EVALUATION 
W 

Subject: NTC 55-Gallon Drum Thermal w l  Solar (Liouid Content) 

Checker: P C Ferrell p c k  Date 9/15/98 
Section Chief: R. J. Smith &/L Date 9 /15/98  

Page 5 o f 1 1  
Preparer: S S Shiraaa /&/ Date 4 /23/98  

Solarheatload qsol = a  s o ~ ~ ( ~ f s ~ ~ ~ e n ~ ~ ~ S ( ~ s o ~ ) + ~ f S c - ~ ~ S l ~ ( ~ s o ~ ) )  A c  . qsol =25l'Watt 

BTU q tot = 858.- 
hr 

Total heat load q tot .= q sol + q int 

Outside ambient temperature is 115 OF and in Rankine: 

using conservation of energy: 

Then by substitution: 

T : = ( 115+ 459.3.R 

q in - q out=O 

q tot - q rad - q con=O or 

I - 

q tot - K 1.(T + - T 04) - hd.(T f -  T 0)4=0 

Solve for Tfwhich the temperature at the surface using MathCad roots of equation solution: 

External surface temperature in sun: T fl = 603.R 

T fl- 459.7R 

R 
Temperature in O F  T e = T ~ ' 1 4 4  

Temperature in Shade: 

Total shaded heat load: 

Solve for Tfwhich the temperature at the surface using MathCad mots of equation solution: 

q Stat = q int 

'Istot - .I.(.:- T.4)- hd.(Tf- 

External surface temperature in shade: T f~ = 575.R 
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ENGINEERING SAFETY EVALUATION @ 
Page 6 o f 2  
Date 4 /23/98  

Subject: NTC 55-Gallon Drum Thermal w l  Solar (Liquid Content) 
Preparer: S S Shirasa b#, 
Checker: P C Ferrell ' Ped Date 9 /15/98  
Section Chief: R. J. Smith Date 9 /15/98  

T a- 459.3B 
Temperature in OF: T a  =I  1 Tm'115 -%D 

With a simplified one dimensional idealization determine temperature of inner shell with solar insolation: 

SECTION A-A 

Material properties: 

Unpainted Carbon steel: 

Thermal conductivity at 400 OF, Invin; pg A-IO 

Poly Liner and container, assume medium density polyethylene: 
BTU 

Thermal conductivity at 200 OF, Invin; pg A-15: k pl = 0.000005544_ 
sewn 

BTU k cs = 0.000653- 
sewn 
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ENGINEERING SAFETY EVALUATION 

Subject: NTC 55-Gallon Drum Thermal wl Solar (Liauid Content) 
Preparer: S S Shiraaa Date 4/23/98 
Checker: P C Ferrell *per& Date 9115/98 
Section Chief: R. J. Smith f l  Date 9/15/98 

Page 7 o f 3  

Assume absorbent material is as loose asbestos, Bayazitoglu; pg 423: 

BTU conv = 0.5779- m hr.A Thermal conductivity at 100 OF: k, =O.l6l.% Conversion factor to English 

conv k,c=2.1310-6 *E 
sec.in 

kam Thermal conductivity in English units: k amc = -' /Wan\ 
\ m /  

Geometric properties: 

17 H drum: 
drum Insideradius: r 5  E- d od Outsideradius: ' 6  =- 

2 

Assumed payload poly bottle: 

Outside diameter: od bottle = 6.in Assumed thickness of bottle: t bottle =--.in 

2 

3 
16 

Od bottle 
2 

Outside radius: r = - Inside radius: r 1 = r 2 - t bottle 

Assumed poly liner 

Outside diameter: od liner = 22.in Assumed thickness of liner: t liner = 0.090in 

Determine length of heat source: 

vol = 1.7.liter Assume above diameter of poly bottle, determine length of heat source based on 
restricted volume in SARF', SD-RE-SAP-002 of 

Lengthofheatsource: L =x L=4.17'in Length of liner: I liner = 3341 
n.1; 

T 5 - T 6  
q int=- 

drum 
T 6 = 144 

Temperature at inside steel drum p5) using the following equation: 

Exterior surface temperature of steel drum inOF T 6 = T fi 
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fa ENGINEERING SAFETY EVALUATION 
W 

Subject: NTC 55-Gallon Drum Thermal w l  Solar (Liauid Content) 
Preparer: S S Shiraaa k& Date 4/23/98 
Checker: P C Ferrell -pc+ Date 9/15/98 
Section Chief: R. J. Smith &L Date 9/15/98 

Page 8 o f 2  

In(;) 
Thermal resistance of drum by conduction: R := - 

2.n.kcs.L 

Inside temperature of steel drum in OF: T 5 :=T ,j+ 4 int.Rdrum T = 144 

Temperature at exterior of poly liner, across gap between liner and drum: 

Gap between liner and drum: 

Thermal resistance across gap by convection, assuming air in gap: 

Prandtl number of air at 200OF, Irwin; pg B-17: 

0.85 IO6 Orashofnumber parameter at ZOOOF, Irwin; B-17: Grp =- 

Grahofnumberat IOPF: Grg=Grp(T4- Tg)+5gap3 Rayleigh number of gap: Ra g=Grg.P 

6 gap = r - r 4 6 gap = 0.2S.in 

Pr = 0.72 

R3 

--cy 5 5 - - 
3 4  1 .? .- 

aga;[(2.r4) 5 +  (2.r5) ’1 6 g a j [ ( 2 . r 4 j t t ( 2 . r 5 )  

BTU Conductivityofairat 200°F: kair:= 0.0174- 
hrR 
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ENGINEERING SAFETY EVALUATION 

Subject: NTC 55-Gallon Drum Thermal wl Solar (Liauid Content) 
Preparer: S S Shiraaa A@, Date 4 /23/98  
Checker: P C Ferrell Date 9 /15/98  
Section Chief: R. J. Smith A/,/- Date 9 /15/98  

Page 9 of& 

,/ 
Equation for effective gas conductivity, Irwin; pg 27: 

Thermal resistance of gap convection: 

Thermal radiation resistance across gap: 

Emissivity factor for narrow gaps, assume carbon steel to fiberglass, Irwin; pg 29: 

Thermal radiation resistance across gap: 

d 45 := 0.82 

R gapr= 
I 

(I sb.6 4s[ [ (T 4+ 459.7).R]4 - [ (T + 459.7).R]4]. (2.n .r4.1iner) 
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ENGINEERING SAFETY EVALUATION 

Page 10 o f a  Subject: NTC 55-Gallon Drum Thermal wl Solar (Liouid Content) 
Preparer: S S Shiraqa &@ Date 4/23/98 
Checker: P C Ferrell ft% Date 9/15/98 
Section Chief: R. J. Smith 9 f f i  Date 9/15/98 

Total resistance across gap: 

Temperature at outside of liner (T4) using the following equation: 

By substitution: 

liner 

88-1 5 



HNF-2209, Rev. 0 

fa 
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ENGINEERING SAFETY EVALUATION 

MII 

Subject: NTC 55-Gallon Drum Thermal w/ Solar (Liauid Content) 
Preparer: S S Shiraaa k2' Date 4 /23 /98  
Checker: P C Ferrell pc+ Date 9/15/98 
Section Chief: R. J. Smith fi& Date 9/15/98 

Use MathCad find routine to solve above equation for temperature T 4: 

Page o f 2  

T4f ZFind(T4) T4f=  145 

Determine inside temperature of poly bottle: 

Thermal resistance of liner by conduction: Rliner =- hr 
2.n .kpl.L R~iner=O.Op- 

BTU 

hr 
BTU 

Rabs =6.3Y- 
In(:) 

Thermal resistance of absorbent material by conduction: Rabs =- 2.n.kam<L 

Thermal resistance of poly bottle by conduction: 
hr Rbottle =O.l2- 

BTU 

Temperatureat insidesurfaceofpolybottle OF: T 1 =T4f+ q int.(Rliner+ Rabs + Rbonle) T 1 =161 
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8.5.2 Thermal With Solar (Solid Content) Evaluation 

ENGINEERING SAFETY EVALUATION 

Subject: NTC 55-Gallon Drum,Thermalm/ Solar (Solid Content) Page o f L  
Preparer: S. S. Shiraoa Date 4/15/98 
Checker: P. C. Ferrell Date 9/15/98 
Section Chief: R. J. S m i t h m -  Date 9/15/98 

1.0 OBJECTIVE 

The objective of this evaluation is to  determine the NTC exterior surface temperature of a 55- 
Gallon drum with a soild content. 

2.0 REFERENCES 

Irwin, J. J., 1995, WHC-SD-TP-RPT-005, Rev. 1, Thermal Analysis Methods for Safety 
Ana/ysis Repo/ts for Packaging, Westinghouse Hanford Company, Richland, Wash. 

Fadeff, J. G.. 1992, WHC-SD-TP-RPT-004, Rev. 0, Environmental Conditions for On-site 
Hazardous Material Packages, Westinghouse Hanford Company, Richland, Wash. 

ORNL, 1970, Cask Designer's Guide, ORNL-NISC-68, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

Mathcad Plus 5, 1994, User's Guide, Math Soft Inc., Cambridge, Massachusetts. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

In this evaluation, it is conservatively assumed that the sun shines on the drum for 12  hrs at 
the worst solar angle. It is also assumed that the drum is suspended in the air, so as to  
conservatively negate conduction exterior to  the package. The drum dimensions of a 17-H 
drum are assumed. The worst case heat source is assumed as solids uniformly distributed in 
the drum generating a total heat load of 12 watts. 

Results of the evaluation show that under worst case solar insolation the exposed external 
surface temperature of the drum is 63  OC (145 OF). In the shade the external temperature of 
exposed drum surfaces is 47 OC (1 16 "F). Based on this evaluation, it is demonstrated that the 
exposed external surface temperature of the drum is below the temperature required for 
normal non-exclusive use transport of the 55-Gallon steel drum. 
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ENGINEERING SAFETY EVALUATION 

w 

Subject: NTC 55-Gallon Drum Thermal w/ Solar (Solid Content) 
Preparer: S. S. Shiraqa A% Date 4/15/98 
Checker: P. C. Ferrell ppc+ Date 9/15/98 
Section Chief: R. J. Smith &%/- Date- 

Page 2 o f 4  

~~ 

4.0 NALUATION 
NTC Thermal Evaluation of 55 Gallon Drum with the Worst Case Heat Load (Soild Contents): 

Determine temperature ofouter surface with solar insolation. Assume sun shines on top and halfthe side of 
the cylinder. For conservatism, assume the drum is suspended in the air. Assume drum is a 17H drum. 

Evaluate as steady state heat transfer for the drum idealized as a right circular cylinder: 

Free convection coefficients from Irwin, 1995. 

Free convection coefficient for a vertical cylinder: 

BTU kvc := 0.29- 
hdc2 

Free convection coefficient for a horizontal 
surface with hot surface facing up: 

BTU khs := 0.27- 
hrft2 

Free convection coefficient for a horizontal 
surface with cold surface facing up: 

BTU kcs :=O.lZ- 
hitt2 

Height ofvertical plane: h vp := (34+ ?).in 
16 

Inside diameter of drum: d drum '= 22.5in 

Drum wall thickness: t wd . 0.0428in 

Outside diameter of drum, ignore hoops: d od : = d drum + 2.t wd 

Outside diameter of drum lid d lid (23 + :).in 
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Combined convection constant: hd '1 

ENGINEERING SAFETY EVALUATION 

'A khs'Aend kcs'Aend E + ~ + ~ 

Subject: NTC 55-Gallon Drum Thermal w l  Solar (Solid Content) 
Preparer: S. S. Shiraaa & Date 4 /15/98  
Checker: P. C. Ferrell @& Date 9 /15/98  
Section Chief: R. J. S m i t h M !  Date 9 /15/98  

Page 3 o f 4  

ii .d li; 
Vertical surface area of cylinder: A = II .d od.h vp Surface area of ends: A end = 

Total surface area of drum: A tot = A  + 2.A end 

1 _ _  
R 4  

Radient heating constant: 

8 BTu Stefan-Boltman's natural constant: 

Emissivity of painted carbon steel (Irwin, pg 29): 

a sb :=0.171410- .- 
hr.fi2.R4 

E := 0.9 

Determination of solar loading from Cask Designers Guide (ORNL, 1970): 

Assume solar angle of declination relative to vertical for maximum loading: 

Solar heat loading for various surfaces, hourly average loading based on a 12 hr period 

Solar heat loading is from Fadeff, 1992, page 8 & 9. 

0 sol = 30deg 

BTU q fsc = 1193- Flat horizonatl surfaces: q fsh 2 3 8 6 E  Curved surfaces : 
3 tt2 

Solar heat loading for hourly averaged loading based on a 12 hr period t = 12.hr 

fsh watt 

hr mz 
Flat horizontal surfaces: Q fsh = t Q fsh = 62'i- 

watt 4 fsc 

'hr mz 
Qfsc =314- Curved surfaces: Q fsc '=- 

Conservative internal heat load q int .= 12.watt 
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a ENGINEERING SAFETY EVALUATION 
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Subject: NTC 55-Gallon Drum Thermal wl Solar (Solid Content) 
Preparer: S. S. Shiraaa A/ Date 4 /15/98  
Checker: P. C. Ferrell E# Date 9/15/98 
Section Chief: R. J. Smith xt&R Date 9/15/98 

Page 4 o f 4  

Assumed solar absorptivity: 

Solar heat load 4 sol = a  sol.(Qfsh.* end'WS (8 sol) + Qfsc--4n(e sol)) 4 sol =251'Watt 

Total heat load 

a sol = 0.9 

A C  

2 
BTU 

q tot = 89@- hr q tot = q sol + q int 

Outside ambient temperature is 115 OF and in Rankine: 

Using conservation of energy: 

Then by substitution: 

T o  = ( 115+ 459.3.R 

q in - q outso 

q tot - q rad - q con=O or 
1 - 

q tot - K 1,(Tf4- T:) - hd.(Tf- T0)4=0 

Solve for Trwhich the temperature at the surface using MathCad roots of equation solution: 

External surface temperature in sun: T fl=605'R 

T fl - 459.3R 

R 
Temperature in O F  T ff T%=145 

Temperature in Shade: 

Total shaded heat load q .'q int 

Solve for Trwhich the temperature at the surface using MathCad roots of equation solution: 

q Stat - K I.(.:- T:) - hd.(Tf- 

External surface temperature in shade: T a = 576'R 
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9.0 PRESSURE AND GAS GENERATION EVALUATION 

Radioactive waste transported in the 208 L (55-gal) drums may generate flammable gases 
from both radiolysis and chemical reactions. Gas generation within the drums is calculated to  
determine both pressure rise and the amount of time to reach the lower flammability limit. 

9.1 GAS GENERATION 

The gas generation evaluation is presented in the appendix of this section. The evaluation 
describes the process and methodology for determining the radiolytic and chemical hydrogen 
generation rate. A maximum seal time (shipping window) is determined based on the generation 
rate and void space in the drums. The void volume is the amount of free air space that exists in 
the container. The graphical and tablized results presented in Section 5.0 of Appendix 9.2 to this 
section provide the user with guidance for venting requirements of individual drums. Figures 1 
through 5 of Appendix 9.2 show venting requirements by waste type, decay heat, and weight. 

Gas-generating contents will normally be shipped in drums that are vented through a vent 
clip or NucFil filter. For sealed drums, Appendix 9.2 provides guidance to the shipper on seal time. 
Table 5 of Appendix 9.2 shows seal times for a normal source term. Figures 1 through 5 of 
Appendix 9.2 should be used for actual payloads. Venting is required for drum payloads with data 
points that are determined to be above the lines in the figures. 
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9.2 APPENDIX:. HYDROGEN GAS GENERATION ANALYSIS 

e 
W 

ENGINEERING SAFETY EVALUATION 
Page 1 of 27 
Date 9/10/98 
Date 9110198 
Date 9/10/98 

1 .O OBJECTIVE 

The radiolytic production of hydrogen gas generated by waste materials may cause safety 
concerns in storage and transportation situations. The objective of this engineering evaluation is to 
determine criteria which function to identify 55 gallon drums with radioactive waste which do not 
pose a safety concern from the standpoint of radiolytic hydrogen gas generation. Drums identified 
with the subject criteria, therefore, may be safely shipped or stored without a safety issue resulting 
from radiolytic hydrogen gas production. Alternately, the criteria can be used to screen drums and 
identify those which may need further study or which require continuous venting to ensure safety. 

Furthermore, the identifying criteria must be or relate to commonly available parameter 
associated with radioactive waste in 55 gallon steel drums which typically would not require further 
testing or measurements. To that end, five commonly stored and transported waste types are 
chosen and upper limit decay heats as a function of gross drum mass are identified to represent 
the delineating criteria. 

2.0 REFERENCES 

Connolly, M.J. and S.T. Kosiewicz, 1997. “TRU Waste Transportation -The Flammable Gas 

McFadden, J.G., Hillesland, K.E. and J.G. Field, 1998. Radcalc for Windows Version 2.01. 

Generation Problem,” Journal ofthe Franklin Institute, Vol. 334A. 

HNF-2549, Rev. 0, Richland, Washington. 

Spinks, J.W.T. and R.J. Woods, 1990. lntroduction to Radiation Chemisty, 3rd Edition, Wiley 

Westinghouse Electric Corporation, 1997. Safefy Analysis Report for the TRUPACT-I/ Shipping 

Interscience, New York, New York. 

Package, Rev. 16, Carlsbad, New Mexico. 
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Experimental Data presented and discussed In Meeting Between J. Schierloh of Rocky Flats SSOC 
Wet/Combustible Subprogram and J.G. McFadden and W.S. Edwards of Transportation 
and Packaging, Waste Management, Northwest Operations, May 1998. 

Experimental Data presented and discussed In Meeting Attended by J.G. concerning The Matrix 
Depletion Project, Albuquerque NM, August 1998. 

NRC, 1984, Clarification of Conditions for Waste Shipments Subject to Hydrogen Gas Generation, 
SSINS No. 6835, Information Notice 84-72, September IO, U.S. Nuclear Regulatory 
Commision, Washington, D.C. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

Current research on G values in.dicates that the production of hydrogen in waste containers 
is much less than indicated in previous reports. However, until more research is completed and 
G(HJ values are quantified, bounding G(HJ values must be used. As research becomes available, 
this report could be updated and the criteria changed to reflect new data. Also, because the G 
values used are based on alpha emitters, the presence of 24’Am does not greatly affect the results. 
If the new G values show a marked decrease for gamma radiation, a future effort may revise the 
tables presented herein. 

Input parameters and assumptions are addressed at some length in Section 4. Radcalc for 
Windows, Version 2.01 was used to evaluate the selected cases. Presented in Table 5 of Section 
5.1 of this evaluation are results stemming from the two worst-case source terms evaluated with 
alternate waste masses. Indicated in this table are the times (in days) required to generate 5% 
Hydrogen gas (by volume) associated with the particular waste loading scenarios. Nuclear 
Regulatory Commission (NRC) IEE Notice 1-84 requires that the allowable shipping window for a 
package be half the time required to reach 5% hydrogen gasby volume. In this evaluation the 
shipping window is defin,ed as 60 days. As indicated in Table 5 of Section 5.1 of this evaluation. a 
majority of the waste type to waste mass configurations require venting. In fact, all of the waste 
type to waste mass configurations involving waste type 111, IV, and V require venting. This is due to 
the fact that the 5% Hydrogen gas (by volume) limit is exceeded before 120 days. Also indicated, 
is that the Case 1 source term presents the worst-case or bounding loading scenario. 

Conservatively using the bounding constituents from the bounding Case 1 source term 
exclusively PSr and ”/, and Radcalc for Windows, Version 2.01, further evaluations were 
conducted for cases targeted to produce 5% hydrogen in 120 days. Resulting cases were 
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tabulated and are shown in Figure 1 through Figure 5 of Section 5.2. The results are given in the 
form of decay heat per drum versus waste mass. Five waste types were considered and evaluated. 

Figure 1 through Figure 5, in Section 5.2, represent a conservative means to identify drums 
which need further hydrogen gas generation study or venting before transportation or storage. 
Figure 1 shows waste type I which is solidified inorganic liquids represented by soil or inorganic 
absorbents such as kitty litter that has absorbed contaminated inorganic liquids. Figure 2 
represents waste type 11. Waste type I[ is solid inorganics that include contaminated metal or glass 
debris or solidified inorganic sludge which is bagged in LDPE plastic bags or 90 mil HDPE liners. 
Figure 3 shows waste type Ill. Waste type Ill is solid organic debris consisting of contaminated 
gloves, plastics, polyethylene, rubber, cotton and miscellaneous organic materials. Waste type IV, 
shown in Figure 4, is absorbed organic liquids consisting of solidified organics such as 
contaminated oils or aqueous solutions which have been absorbed with polyaciylate or 
polypropylene absorbent. Finally, waste type V, represented by Figure 5, is contaminated organic 
liquids such as oil and water. Interpretation of these five figures is as follows. 

Within each of the five figures presented in Section 5.2, a safe shipping window is 
delineated by the area under the curve. Each curve represents a worst-case source term threshold 
in which 5% Hydrogen is generated at 120 days, thus allowing a 60 day shipping window. This 
threshold is a direct function of decay heat and waste mass intended for loading. Subsequently, 
the quantity of waste should be selected such that the intersection with its corresponding decay 
heat is under the curve. Any wastes resulting in a point above the curve require venting or further 
analyses or measurement before shipping. 

This study includes many conservatisms. G values, waste types and densities, drum void 
volume, and source terms were all chosen to represent bounding values. If a drum exceeds the 
criteria indicated as being safe within the figures and table above, further evaluation may show that 
no hazard exists. The figures and table provided herein are meant to represent a screening tools 
and to provide a method for eliminating drums which could not possibly pose a safety concern 
from the radiolytic production of hydrogen. 

4.0 EVALUATION 

The criteria developed in this evaluation represents a conservative limit which can be used 
to screen 55 gallon drums for the radiolytic production of hydrogen gas. The limit is expressed in 
terms of decay heat per drum as a function of drum waste mass. Drums which contain 
radionuclides which generate decay heat below the criteria pose no safety concern for shipment or 
storage due to the radiolytic production of hydrogen gas. 
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Assumptions were made in the representation of the waste types and the choice of their 
corresponding G values to maximize hydrogen gas generation. Likewise, source parameters were 
chosen to optimize hydrogen gas production and drum void space was minimized. Therefore, this 
study results in established criteria which are conservative. In cases where drums are determined 
to exceed the limit, further study may reveal that the radiolytic hydrogen gas generation may not be 
a concern. 

Radcalc for Windows 2.01 (McFadden et al. 1998) was used to model the radiolytic 
production of hydrogen gas. The code has been verified and validated. The methodology used in 
Radcalc for Windows is called the G value approach and has been accepted by the NRC as a 
calculational technique for the quantification of the radiolytic generation of hydrogen gas. Cases 
were run until a 5% hydrogen gas concentration was present along with other cases that were run 
for a period of 120 days, The cases consisted of, five different waste types. Descriptions of the five 
types are presented below. Examples of files containing input and its accompanying output are 
found in the Section 6.2 "Example Radcalc Cases". 

4. I Waste Types 

The waste types were chosen to represent approximately 90% of the waste stream 
commonly shipped and stored on the Hanford Site. The five waste types were defined to be 
roughly equivalent to the waste types used in conjunction with the TRUPACT-II (Westinghouse 
Electric Corp. 1997) and data yielded by the Matrix Depletion Project (August 1998). Assumptions 
in the compositions of the waste types were made on the basis of process and waste knowledge 
and were supplied by Solid Waste at the Hanford Site. 

I Solidified inorganic liquids - Solidified inorganic liquids are represented by soil or inorganic 
absorbent such as kitty litter which has absorbed contaminated inorganic liquids. An upper bound 
of 25 weight percent water is assumed with a density of 1 g/cm3. The soil or kitty litter has a density 
of 2.2 g/cm3. 

/I Solid inorganics - Solid inorganics include contaminated metal or glass debris or solidified 
inorganic sludge which is bagged in LDPE plastic bags or 90 mil HDPE liners. HDPE liners have 
higher G values and thus yield higher quantities of hydrogen gas and were therefore chosen to be 
representative of the polyethylene which may be present. The drum is assumed to consist of 1 
weight percent HDPE with a density of 0.93 g/cm3. The remainder of.the waste is assumed to 
consist of metal debris with a density of 7.8 g/cm3. No liquids or absorbed liquids are allowed in 
the waste category. 
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Ill Solid organic debris - Solid organic debris consists of contaminated gloves, plastics, 
polyethylene, rubber, cotton and miscellaneous organic materials. HDPE has the highest density of 
this waste type with a density of 0.93 g/cc. 

lVAbsorbed organic liquids - Absorbed organic liquids consist of solidified organics such 
as contaminated oils or aqueous solutions which have been absorbed with polyacrylate or 
polypropylene absorbent. Polyactylate has avery low G value, however the G value for 
polypropylene is high. Therefore polypropylene was used to bound this waste category type and 
the oil was modeled as machine oil. The densities used are 0.51 g/cm3 and 0.93 g/cm3 
respectively. 

V Organic liquids - Organic liquids consisting mostly of liquids such as oil and water which 
are contaminated as well. This waste category is assumed to have a density of 1 .O g/cc. 

4 2  G Values 

G(HJ values are in units of moles of hydrogen gas produced per 100 eV energy absorbed 
in the media. The amount of gas produced in a media is calculated by multiplying the G value for 
the radiation type times the energy absorbed in the media. G(HJ values, therefore, are a measure 
of the hydrogen gas produced in a matrix. G values are dependent upon the material type of the 
waste, the radiation decay type (gamma, alpha, or beta) and energy, the radiation absorbed dose, 
the length of time the material has been subjected to the radiation, the physical state of the material 
(pressure and temperature), and to some extent on the other gases present in the waste which may 
cause back-reactions and lower the total quantity of hydrogen produced. 

G value research has been conducted in a wide variety of laboratory conditions and show 
marked variations. Care needs to be exercised in using G values cited in literature. Earlier 
research has been found to be unreliable and is generally discounted. The TRUPACT-II SARP 
(Westinghouse Electric Corp 1997) gathers together a wide range of references and discusses 
them at length. An additional reference is Spinks and Woods (1990) Radiafion Chemistry. In 
addition, research conducted on G values as part of the Matrix Depletion Program has yielded a 
number of G values by drums containing avariety of waste types. Table 1 gives the G values from 
the cited references for the waste category types and the input values used for the Radcalc for 
Windows cases. 

Waste type I contains soils or kitty litter and absorbed moisture (water). Most inorganics 
and metals without the addition of moisture do not generate hydrogen. Water has been well 
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studied and the G(H2) values shown in Table 1 are typical (Spinks and Woods 1990). Research has 
been performed on soil samples with an average organic content of 7 weight percent and with 
moisture contents ranging from 0.2 to 25.5 weight percent. The alpha G(gas) value for these 
studies was determined to be 1.6 with a production of 23% H,. This yields a G(H2) value of 0.37. 
Studies,conducted with heat source plutonium in soils at the Mound Site with an average of 5 
weight percent water yielded G(H2) values of 0.15 (Westinghouse Electric Corp. 1997). Water 
absorbed in a medium appears to disassociate at a slower rate than free standing water justifying 
the use of lower G values. A G(H2) value of 0.37 is therefore chosen to represent an upper bound 
for solid inorganics containing up to 25 weight percent absorbed liquid. 

Waste type II contains metal debris or solid inorganic sludges contained in polyethylene 
liners or bags. The metal debris does not generate hydrogen, however the HDPE liners or LDPE 
bags have relatively high G(H$ values. The TRUPACT-II SARP (Westinghouse Electric Corp. 1997) 
discusses the generation of hydrogen in the presence and absence of oxygen for both LDPE and 
HDPE. It cites several studies performed on HDPE and gives G(H2) values in the range of 1.6 - 2.4 
for alpha and gamma G(HJ values from 3.1 - 4.0. It concludes that an upper bound G(HJ value for 
HDPE in the presence of oxygen is 3.5 for all radiation types. Experimental research, however, at 
both Rocky Flats and Cos Alamos National Laboratory (LANL) on drums with HDPE liners 
containing inorganic solids have consistently yielded G(H,) values that are much lower than the. 
G(HJ values for HDPE alone. The TRUPACT-II SARP cites a Rocky Flats experimentally derived 
G(HJ value of 0.3 for materials of this type packaged in HDPE lined drums. Connolly and 
Kosiewicz (1997) also verify that the lower G values have been found in recent hydrogen gas 
generation studies for materials of this type. The Matrix Depletion Project represents the most 
recent research at LANL that reaffirms the lower G(HJ value. The experimental data yielded at 
LANL supports a G(HJ value of 0.27. The G(H2) value of 0.27 is, therefore, used in this evaluation. 

Waste type 111 contains a mixture of gloves, kimwipes, cotton material, LDPE and HDPE. 
G(HJ values for cellulosicmaterials ranges from 0.4 to 1.2. The HDPE bounding G(HJ value is 3.5. 
However, research has shown that this G(H2) value is overly conservative. LANL produced G(HJ 

values of 0.1 to 0.4 for rags, plastics, and gloves contaminated with plutonium and stored in drums 
lined with HDPE. The Rocky Flats experimental data produced a.G(HJ value of 0.84 for Type Ill 
waste (Refer to Section 6.1). This value represents the 95% confidence level for the data collected 
at Rocky Flats. 
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Waste type IV contains oil and polypropylene or polyacrylate absorbent. Oil is bounded by 
a G(HJ value of 2.8 (Westinghouse Electric Corp. 1997). Polyacrylates have low G values of 0.46, 
however polypropylene is bounded by a value of 3.3 (Westinghouse Electric Corp. 1989). The 
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Matrix Depletion Project data reports G(Hz) values for polypropylene of 0.48. This value is a more 
reasonable value since polyacrylates have slightly lower G values. Therefore an average G(H2) of 
1.64 comprised of that reported for Oil (G(H2)=2.8) and the later reporting for polypropylene 
(G(HJ=0.48) will be used in this report. 

Waste type V contains mostly liquids such as oil etc., which is modelkd in the Radcalc 
cases as machine oil. Machine oil is bounded by a G(HJ value of 2.8 for alpha, and 2.3 for beta 
and gamma G(HJ (Westinghouse Electric Corp. 1997). Therefore a G(H,) value 2.8 will be  utilized. 

Unfortunately, even though research has shown that in many instances gamma G values 
are approximately 4 times less than alpha G values most of the values reported in the referenced 
literature are for bounding values which do not discriminate between decay type. Therefore, .even 
though gamma and beta G values may be as much as four times less than the reported alpha G 
values, the bounding values are utilized. Additionally, current research on G values is indicating that 
the production of hydrogen in waste containers is much less than would be indicated by using the 
G(HJ values given in Table 1. However, until such research is completed and G(HJ values are 
quantified, bounding G(HJ values must be used. As research becomes available this study could 
be updated and the criteria changed to reflect new data. 

4.3 Container Data 

The radioactive waste is contained in 55 gallon drums which have a nominal internal volume 
of 217,000 cm3. Calculations are performed for the five waste types for drums containing waste 
masses of 25 kg. 75 kg, and the mass associated with 90% of the drum internal volume unless 
limited by capacity (Le. Type 11). The nominal void space within the container is calculated using 
the waste material type, weight percent and associated density. Table 2 gives the physical 
parameters used in the evaluation. 

4.4 Source Term 

The source term used for the gas generation criteria study was chosen to represent 90% of 
the waste received by Solid Waste for disposal at the Hanford Site. Beta decay is represented by 
goSrf? and gamma decay by 13'Cs and its daughter product lormBa. Drums categorized as 
containing TRU waste must be vented, therefore, the majority of alpha emitters will be present in 
sealed drums at less than 100 nCi/g. 241Am was chosen to represent alpha emitters. 
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Type I 

Table 2 - Physical Parameters Of The Drum And Waste 
Barrel and Waste Configurations 
I Waste Weight I Density 
I I I I I I Waste Volume I Package void volume 

25 kg 1.9 g/cc 13158 cc 203842 cc 
75 kg 1.9 g/cc 39474 cc 177526 cc 
371 kg 1.9 gkc 195300 cc 217OOcc(lO%) 

25 kg 
75 kg 
371 kg 

I 1.9 g/cc 13158 cc 203842 cc 
1.9 g/cc 39474 cc 177526 cc 
1.9 gkc 195300 cc 217OOcc(lO%) 

25 kg 7.72 g/cc 3240 cc 213762 cc Type 11 
1 , - -  , ____._.__..______....-----..--..-..-- 

(limited by maximum capacityl 634 kg 1 7.72 g/cc, I 82124 cc I 134876cc 
I I I I 

Type Ill 25 kg 0.93 g/cc 26882 cc 190118 cc 
75 kg 0.93 g/cc 136354 CC 80646 cc 
182 kg 0.93 p/cc 195300 CC 21700 cc (10%) 

Type IV 

Type v 

25 kg 0.72 glcc 34724 cc 182278 cc 
75 kg 0.72 ~ I C C  112833 cc 104167 cc 
141 kg 0.72 gkc 195300 CC 21700 cc (10%) 

25 kg 1.0 g/cc 25000 cc 192000 cc 
75 kg 1 .O g/cc 75000 cc 142000 cc 
195 kg I.Og/cc 195300Cc 21700 cc (10%) 

Care was taken in the source term selection process. Hanford site source term 
documentation relating to fission products and waste streams from N reactor and Single Pass 
reactor fuel, the K Basins, and Tank Waste Remediation System (lWRS) were reviewed. In all 
cases %r and 137Cs represented the greatest quantities of beta and gamma emitters. Strontium 
and its daughter product yttrium are by far the most, common of the beta emitters in Hanford Site 
waste. Gamma emitters of concern included 1 5 4 E ~  as well as 137Cs/137mBa. However, unless the 
waste is specifically treated to remove 13'Cs and lormBa, the europium will be two or three orders of 
magnitude less than the cesium/barium. The same is true for other gamma emitters of concern. 
Therefore, gamma emitters were represented by 137Cs and its daughter product 137mBa. 

Cases were run comparing plutonium isotopes and 241Am. Americium produced higher 
quantities of hydrogen gas for equal masses of plutonium. Therefore, 24'Am was chosen to 
represent alpha emitters. 
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Since Hanford Site waste typically involves uranium isotopes of either ='U, or =U, a 
sensitivity study was conducted to determine which of these isotopes represented (in conjunction 
with the beta & alpha or gamma & alpha source terms discussed above) the highest Hydrogen 
generation potential. Presented in Table 3 are the results of this comparison. As shown, 
considering the uranium quantity to be solely comprised of a3U would pose the highest degree of 
conservatism. 

. 

The beta and gamma emitters selected above were then grouped with 24'Am and n3U to 
form two separate case source terms. These case source terms reflect the SARP limits and are 
indexed as "Case 1" and "Case 2" are defined as presented in Table 4. The Cs/Ba ratio is 1 : 0.946 
and the SrHt ratio is 1 : 1. The 0.1 ci of "'Am stays the same throughout both cases along with the 

Uranium was picked because it represents a worst case alpha emitter. .. 0.5 ci of 

Bounding or conservative variations of the source terms discussed are applied in the study 
and determination of shipping windows as discussed in the Section 3.0 of this analysis. 

Table 3 - Uranium Isotope Comparison 
Comparison conducted to 5% Hydrogen 
Isotope Time To Reach 5% H, 

47.0 days 
47.01 days 
47.03 day 

Table 4 - Case Source Terms 
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10% void volume Weight Limit 
for Solids 634 kg 

5.0 GRAPHICAL AND TABLIZED RESULTS 

5. I Exemplary Loading Cases 

* Venting Required 
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5.2 120 Day Reference As A Function Of Waste Type 

1.2 I I I I 

Figure 1- Waste Type I: Solidified Inorganic Liquids For Bounding Source Term 
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Figure 2- Waste Type 11: Solid Inorganics For Bounding Source Term 
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Figure 3- Waste Type 111: Solid Organic Debris For Bounding Source Term 
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Figure 4- Waste Type IV: Absorbed Organic Liquids For Bounding Source Term 
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6.0 APPENDIX 

6. I Support Data 

From the data gathered by J. Schierloh of Rocky Flats SSOC Wet/Combustible Subprogram 
(Presented in Table 6.1) the 95% percent confidence level for the GeVeciwe rnolecules/lOOeV for solid 
organic materials (category Type 111 waste) was calculated to be 0.84 (Shown in Table 6.2). The 
data was analyzed by Microsoft excel in the descriptive statistics toolpak. 

Table 6.1 - Experimental Values 
G,,,,,, Moleculesll OOeV 

Table 6.2 - Experimental 
Value Statistics 

B9-18 



HNF-2209, Rev. 0 

fa 
W 

Subject: Steel Drum Packaaina Svstem Hvdroaen Gas Generation Analysis P a g e x c  
Preparer: J.G. Mcadden Date- 
Checker: H.E. Adkins. Jr Date- 
Section Chief: J.G. McFadden Date- 

ENGINEERING SAFETY EVALUATION 

6.2 Example Radcalc Cases 

6.2: I Waste Type I, Case I Source Term, 25Kg Waste Mass 

Radcalc for Windows2.01 Date: 08-05-98 14:59 
Performed By: John Knepp 
Checked By: Janet McFadden 

File: CASE1.FLAD 
input Information E =? = ==== 

Source from input: 
Radionuclide: Curies: 
3 - 9 0  1.80E+002 
Y-90 1.80E+W2 (Daughter) 
U-233 5.00E-001 
Am-241 1.00E-001 

Total Activity: 3.61E+002 
Total Activity Minus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Solid 
Container Type: 55 Gallon Drum 

Packagevoid Volume: 2.04E+005 cc 
WasteVdume: 1.32E+004 cc 
Waste Mass: 2.50E+004 9 
Waste True Density: 1.90 g/CC 

Dateto begin sourcedecay: 12:W Aug. 3. 1998 
Date container sealed: 12:OO Aug 3.1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached 

Entered G Values: 
G Alpha GBeta GGamma 
0.37 0.37 0.37 

Comments: 
========== Calculat& Resul(s ==== === ========= ====e============= 

HYDROGEN 
The sealed package will contain 5.00 % hydrogen in 110.38 days. 
This corresponds to date: 
H2 Volume: . 1.07E+004cc 
H2 Generation Rate: 4.05 ccmour 

DECAY HEAT AND PRESSURE: 
Heat Generated at seal time. 1.22 Watts 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Air):. 107. kPa 

21 :00 NO". 21,1998 
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ENGINEERING SAFETY EVALUATION 

S u b j e c t :  P a g e  19 of 27 
Preparer: J.G. Mcadden Date 9110198 

Date 9110198 Checker: H.E. Adkins, Jr 
Date 9110198 S e c t i o n  C h i e f :  J.G. McFadden 

S t e e l  D r u m  P a c k a a i n a  S v s t e m  Hvdroaen G a s  G e n e r a t i o n  A n a l y s i s  

6.2.2 Waste Type I, Case 2 Source Term, 25Kg Waste Mass 

Radcalc for Windows 2.01 

Source frcm input: 
Radionuclide: Curies: 
Cs-137 1.80E+W2 
Ba-137m I . ~ O E + O O ~  (Daughter) 
U-233 5.00E-W1 
Am-241 1.00E-001 

Total Activity: 3.51E+002 
Total Activity Minus Daughters: 1.81 E + W 2  

Waste Form: Normal 
Physical Form: Solid . 
Container Type: 55 Gallon Drum 

Packagevoid Volume: 2.04E+005 CC 
Wastevolume: 1.32E+004 cc 
Waste Mass: 2.50E+004 g 
Waste True Density: 1.90 glcc 

Date to begin source decay: 12:W Aug. 3. 1998 
Date container sealed: 12:OO Aug. 3, 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached 

Entered G Values: 
G Alpha GBeta GGamma 
0.37 0.37 0.37 

Comments: 

= _ _ _ _ _ _ _ _ _  C&ulated Results ============e====== e============== 

HYDROGEN: 
The sealed packagewill contain 5.00 %hydrogen in 189.84 days 
This corresponds to date: 
H2 volume: 1.07E+W4 cc 
H2 Generation Rate: 2.35 ccmour 

8:W Feb. 9.1999 

DECAY HEAT AND PRESSURE 
Heat Generated at seal time: 0.887 Watts 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Air): 107. kPa 
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ENGINEERING SAFETY EVALUATION 
S u b j e c t :  S t e e l  Drum P a c k a a i n a  S v s t e m  H v d r o a e n  G a s  G e n e r a t i o n  A n a l v s i s  P a g e  20 of 27 

Checker: H.E. Adkins. Jr 
S e c t i o n  C h i e f :  J .G.  M c F a d d e n  

Prepare r :  J.G. M c a d d e n  CfLh,,  n D a t e  9/10/98 /#&A- D a t e  9/10198 
-I D a t e  9/10/98 

6.2.3 Waste Type II, Case I Source Term, 25Kg. Waste Mass 

Source from input: 
Radionuclide: Curies: 
Sr-90 1.80E+OO2 
Y-90 1.80E+002 (Daughter) 
U-233 5.00E-001 
Am-241 1.WE-001 

Total Activity: ' 3.61Ec002 
Total Activity Minus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Solid 
Container Type: 55 Gallon Drum 

Packagevoid Volume: 2.14€+005 CC 
Waste Volume: 3.24E+003 cc 
Waste Mass: 2.50E+004 g 
Waste True Density: 7.72 g/cc 

Date to begin source decay: 12:OO Aug. 3,1998 
Date container sealed 1200 Aug. 3, 1998 
Days l o  decay source before Seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached 

Entered G Values: 
G Alpha GBeta GGamma 
0.27 0.27 0.27 

HYDROGEN: 
n e  sealed package will c o n t a i r i s . ~  % hydrogen in 158.87 days. 
This corresponds to date: 
H2 Volume: 1.13E+W4cc 
H2 Generation Rate: 2.95 cchour 

DECAY HEAT AND PRESSURE: 
Heat Generated at seal time: 1.22 Watts 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Alr): 107. kPa 

9:W Jan. 9. 1999 
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ENGINEERING SAFETY EVALUATION 
S u b j e c t :  S t e e l  D r u m  Packaa inc l  S v s t e m  H v d r o a e n  G a s  G e n e r a t i o n  A n a l v s i s  P a g e  21 of 27 
Prepare r :  J .G.  M c a d d e n  a ,  D a t e  9/10/98 
C h e c k e r :  H.E. A d k i n s ,  Jr /HA/. D a t e  9/10/98 . 
S e c t i o n  C h i e f :  J.G. M c F a d d e n  D a t e  9/10/98 

6.2.4 Waste Type II, Case 2 Source Term, 25Kg Waste Mass 

Radcalc for Windows 2.01 Date: 08-05-98 10:42 
Performed 0y: John Knepp 
Checked By: Janet McFadden 

File: CASE2.RAD _ _ _ _ _ _ _ _ _ _  lnputlnformation =================== ================ 

Source from input: 

_ _ _ _ _ _ _ _ _ -  

Radionuclide: Curies: 
.Cs-137 1.80E+002 
Ba-137m 7.7OE+002 (Daughter) 
U-233 5.00E-001 
Am-241 1.00E-001 

Total Activity: 3.51E+002 
Total Activity Minus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Solid 
Container Type: 55 Gallon Drum 

Package Void Volume: 2.14E+005 cc 
WasteVolume: 3.24E+003cc 
Waste Mass: 2.50E+004 g 
Waste True Density: 7.72 glcc 

Date to begin source decay: 1200 Aug. 3. 1998 
Date container sealed: 1200 Aug. 3, 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached. 

Entered G Values: 
G Alpha GBeta GGamma 
0.27 0.27 0.27 

Comments: 

Calculated Results = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = _ _ _ _ _ _ _ _ _ -  _ _ _ _ _ _ _ _ _ _  
HYDROGEN: 
The sealed packagewill contain 5.00 %hydrogen in 307.63 days. 
This corresponds to date: 

H2 Generation Rate: 1.52 cchour 

DECAY HEAT AND PRESSURE 

3:00 Jun. 7, 1999 
H2 Volume: 1.13E+004CC 

Heat Generated at seal time: 0.887 Watts 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Wr): 107. kPa 
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Checker: H.E. Adkins, Jr /e& Date 9/10/98 

ENGINEERING SAFETY EVALUATION 
Subject: S t e e l  Drum Packaqinq S v s t e m  Hvdroqen Gas G e n e r a t i o n  Analvsis P a g e  22 of 27 

I Preparer: J .G.  Mcadden , ”  D a t e  9/10/98 

Section Chief: J.G. McFadden Date 9/10/98 

6.2.5 Waste Type Ill, Case I Source Term, 25Kg Waste Mass 

Source from input: 
Radionuclide: Curies: 
Sr-90 1.80E+002 
Y-90 1.80E+002 (Dauqhter) 
U-233 5.00E;OOl 
Am-241 1.00E-001 

Total Activity: 3.61E+002 
Total Activity Minus Daughters:l.81E+002 

Waste Form: Normal 
Physical Form: Solid 
Container Type: 55 Gallon Drum 

Package Void Volume: 1.90E+005 cc 
WasteVolume: 2.69E+004 cc 
Waste Mass: 2.50E+004 g 
Waste True Density: 0.930 glcc 

Date to begin source decay: 12:OO Aug. 3, 1998 
Date container sealed: 12:00 Aug. 3, 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached 

Entered G Values: 
G Alpha GBeta GGamma 
0.84 0.84 0.84 

Comments: 

- _ _ _ - - _ _ - _  - - - - - - - - _ _  Calculated Results === = = === = = = 

HYDROGEN: 
m e  sealed package will contain 5.00 %hydrogen in 45.25 days. 
This corresponds to date: 
H2 Volume: 1.00Ef004 cc 
H2 Generation Rate: 9.21 cclhour 

DECAY HEAT AND PRESSURE: 
Heat Generated at seal time: 1.22 Watts 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Air): 107. kPa 

== = == = = == = = = = == = = == 

18:OO Sep. 17. 1998 
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ENGINEERING SAFETY EVALUATION 
S u b j e c t :  S t e e l  Drum P a c k a a i n a  S v s t e m  H v d r o a e n  G a s  G e n e r a t i o n  A n a l v s i s  P a g e a o f z  
P r e p a r e r :  J . G .  M c a d d e n  -lzb4% D a t e  9/10/98 
Checker: H.E. A d k i n s ,  Jr Hfl&. D a t e  9/10/98 
Section Chief: J.G. M c F a d d e n  a& D a t e  9/10/98 

6.2.6 Waste Type Ill, Case 2 Source Term, 25Kg Waste Mass 

Radcalc for Windows 2.01 Date: 09-08-98 U8:29 
Performed By: John Knepp 
Checked By: Janet McFadden 

File: C A S E 2 . W  
= = = = = = = = = Input Information = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

Source from input: 
Radionuclide: Curies: 
cs-137 1.80E+002 
Ea-137m 1.70E+002 (Daughter) 
U-233 5.00E-001 
Am-241 1 .00E-001 

Total Activity: 3.51E+002 
Total Activity Minus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Solid 
Container Type: 55 Gallon Drum 

Package Void Volume: 1.90E+005 cc 
WasteVolume: 2.69E+004 cc 
Waste Mass: 2.50Ec004 g 
Waste True Density: 0.930 glcc 

Date to begin source decay: 12:OO Aug. 3, 1998 
Date container sealed 12:OO Aug. 3.1998 
Days to decay swrce before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached. 

Entered G Values: 
G Alpha GEeta  GGamma 
0.84 0.84 0.84 

Comments: 

_ _ _ - - _ _ _ - -  -_ - - - - _ _ _  - Calculated Results =====e = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

HYDROGEN: 
The sealed package will contain 5.00 %hydrogen in 92.80 days. 
This corresponds to date: 
HZ Volume: 1.00E+004 cc 
H2 Generation Rate: 4.49 cc/hour 

DECAY HEAT AND PRESSURE 
Heat Generated at seal time: 0.887 Wans 
Partial Pressuie (H2): . 5.33 kPa 
Total Pressure (H2 and Air): 107. kPa 

. 

7:00 Nov. 4, 1998 

WMW-PE.WII.1 
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ENGINEERING SAFETY EVALUATION 

Subject: Steel Drum Packaaina Svstem Hvdroaen Gas Generation Analvsis Page 24 of 27 
Preparer: J.G. Mcadden /I Date 9/10/98 
Checker: H.E. Adkins. Jr h-, Date 9/10/98 
Section Chief: J.G. McFadden ZnK Date 9/10/98 

6.2.7 Waste Type IV, Case 1 Source Term, 25Kg Wasfe Mass 

Radcalc for Windows 2.01 Date: 09-08-98 09:03 
Performed By: John Knepp 
Checked By: Janet McFadden 

File: C A S E 1 . M  - _- - - - --- - - - - - _-= - - Input Information = == === = == = = = = == == = = == = ==== = = = = === 

Source from input: 
Radionuclide: Curies: 
Sr-90 1.80E+002 
Y-90 1.80€+002 (Daughter) 
U-233 5.00E-001 
Am-241 1.00E-001 

Total Activity: 3.61E+002 
Total Activity Minus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Solid 
Container Type: 55 Gallon Drum 

Package Void Volume: 1.82E+005 cc 
WasteVolume: 3.47E+004 cc 
Waste Mass: 2.50E+004 g 
Waste True Density: 0.720 g/cc 

Dateto begin source decay: 12:W Aug. 3, 1998 
Date container sealed 1200 Aug. 3, 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached 

Entered G Values: 
G Alpha GBeta GGamma 
1.64 1.64 1.64 

Comments: 

HYDROGEN 
The sealed package will contain 5.00 % hydrogen in 22.20 days 
This corresponds to Uate: 
H2 Vdume: 9.59E+W3 cc 
H2 Generation Rate: 18.0 cclhour 

17:W Aug. 25, 1998 

DECAY HEAT AND PRESSURE 
Heat Generated at seal time: 1.22 Wans 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Air): 107. kPa 
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ENGINEERING SAFETY EVALUATION 

S u b j e c t :  
P repare r :  J.G. M c a d d e n  D a t e  9110198 
Checker: H.E. Adkins. Jr D a t e  9110198 

S t e e l  Drum P a c k a a i n a  S y s t e m  H v d r o a e n  G a s  G e n e r a t i o n  A n a l y s i s  P a g e  25 of 27 

I 
S e c t i o n  C h i e f :  J.G. M c F a d d e n  v" !.d D a t e  9110198 

6.2.8 Waste Type IV, Case 2 Source Term, 25Kg Waste Mass 

Radcalc toi Windows 2.01 Date: 09-08-98 09:03 
Performed By: John Knepp 
Checked By: Janet McFadden 

File: C A S E 2 . W  _ _ _ _ _ _ _ _ _ -  _ _ _ _ _ _ _ _ _ _  Input Information . . . . . . . . . . . . . . . . . . . . . . . . .  == ======== 

Source from input: 
Radionuclide: Curies: 
Cs-137 1.80E+002 
Ea-137m 1.70E+W2 (Daughter) 
U-233 . 5.00E-031 
Am-241 1.00E-001 

Total Activity: 3.51E+002 
Total Activity Minus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Liquid 
Container Type: 55 Gallon Drum 

PackageVoidVolume: 1.82E+W5 CC 
Waste Volume: 3.47E+004 cc 
Waste Mass: 2.50E+004 g 
WasteTrue Density: 0.720 glcc 

Dateto begin source decay: 12:OO Aug. 3, 1998 
Date container sealed: 12:OO Aug. 3. 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached 

Entered G Values: 
G Alpha GBeta GGamma 
1.64 1.64 1.64 

Comments: 

=_========Ca lcu la ted  Results =========== . . . . . . . . . . . . . . . . . . . . . . .  

HYDROGEN: 
The sealed package will contain 5.00 % hydrogen in 49.10 days. 
This corresponds to date: 
H2 Volume: 9.59€+003 cc 
H2 Generation Rate: 8.14 cchour 

14:W Sep. 21, 1998 

DECAY HEAT AND PRESSURE: 
Heat Generated at seal time: 0.887 Watts 
Pamal Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Ar): 107. kPa 
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ENGINEERING SAFETY EVALUATION 

Subject: Steel Drum Packaaina Svstem Hvdroaen Gas Generation Analvsis Page 26 of 27 
Preparer: J.G. Mcadden Date 9/10/98 
Checker: H.E. Adkins, Jr Date 9/10/98 
Section Chief: J.G. McFadden Date 9/10/98 

6.2.9 Waste Type V, Case 1 Source Term, 25Kg Waste Mass 

Radcalc for Windows 2.01 Date: 08-05-98 11:02 
Performed By: John Knepp 
Checked By: Janet McFadden 

File: CASE1 RAD 
= = = = = = = = Input Information = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

Source from input: 
Radionuclide: Curies:. 
Sr-90 1.80E+002 
Y-90 1.80E+002 . (Daughter) 
U-233 5.00E-001 
Am-241 1.WE-001 

Total Activity: 3.61E+002 
Total Activity Millus Daughters: 1.81E+002 

Waste Form: Normal 
Physical Form: Liquid 
Container Type: 55 Galion Drum 

Packagevoid Volume: 1.92E+005 cc 
Wastevolume: 2.50E+004 cc 
Waste Mass: 2.50E+004 g 
Waste True Density: 1 .OO glcc 

Date to begin source decay: . 12:OO Aug. 3. 1998 
Date container sealed: 12:OOAug. 3, 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed until 5.00% hydrogen is reached. 

Entered G Values: 
G Alpha GBeta GGamma 
2.8 2.3 2.3 

Comments: 

HYDROGEN 
The sealed package will contain 5.00 % hydrogen in 16.62 days. 
This corresponds to date: 
HP Volume: 1.01 E+W4 cc 
H2 Generation Rate: 25.3 cc/hour 

DECAY HEAT AND PRESSURE: 
Heat Generated at seal time: 1.22 Watts 
Partial Pressure (H2): 5.33 kPa 
Total Pressure (H2 and Air): 107. kPa 

300 Aug. 20, 1998 

WMNW.PE.WI" 
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EN GIN EERl N G SAFETY EVALUATION 

Subject: 
Preparer: J.G. Mcadden Date 9110198 

Date 9110198 
Checker: H.E. Adkins. Jr 
Section Chief: J .G.  McFadden _.  . 

S t e e l  Drum P a c k a q i n a  S y s t e m  Hvdroaen G a s  G e n e r a t i o n  Analvsis P a g e  27 of 27 

kZ& Date 9110198 
/ - /  

6.2.10 Waste Type V, Case 2 Source Term, 25Kg Waste Mass 

Radcalc for Windows 2.01 . pate: 08-05-98 11:03 
Performed By: John Knepp 
Checked By: Janet McFadden 

File: CASE2.RAD _ _ _ _ - _ _ - - -  _ _ _ _ _ _ _ _ _ _  Input Information = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Source from inout: 
Radionuclide: Curies: 
cs-137 1.80E+W2 
Ba-137m 1.70E+W2 (Daughter) 
U-233 5.OOE-001 
Am-241 1.00E-001 

Total Activity: 3.51E+W2 
Total Activity Minus Daughters: 1.81E+OO2 

Waste Form: Normal 
Physical Form: Liquid 
Container Type: 55 Gallon Drum 

Package Void Volume: 1.92E+005 cc 
WasteVolume: 2.50E+004 cc . 
Waste Mass: 2.50E+004 g 
Waste True Density: 1 .00 g/cc 

Date to begin source decay: 12:W Aug. 3. 1998 
Date container sealed: 12:W Aug. 3, 1998 
Days to decay source before seal time: 0.00 days 
Calculate number of days sealed untll 5.00% hydrogen is reached. 

Entered G Vdues: 
G Alpha GBeta GGamma 
2.8 2.3 2.3 

Comments: 

= = = = = = = = = = Calculated Resultg = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

HYDROGEN 
The sealed package will contain 5.00 %hydrogen in 33.26 days. 
This corresponds to date: 
H2 Volume: l .OlE+004 cc 
H2 Generation Rate: 12.7 ccmour 

18:W Sep. 5. 1998 

DECAY HEAT AND PRESSURE 
Heat Generated at seal time: 0.887Watts 
Partial Pressure (HZ): 5.33 kPa 
Total Pressure (H2 and Air): 107. kPa 

89-28 



HNF-2209, Rev. 0 

10.0 PACKAGE TIEDOWN SYSTEM EVALUATION 

10.1 SYSTEM DESIGN AND REQUIREMENTS 

Since both standard 208 L (55-gal) and retrieval drums are transported onsite in various 
numbers, in arrangements dependent upon the conveyance, and on many types of conveyances, 
securement requirements to the conveyance shall meet the requirements of 49 CFR 393.100 
"General Rules for Protection Against Shifting or Falling Cargo." Also, individual drums or batches 
of drums shall be secured to the conveyance per the requirements of 49 CFR 393.102, 
"Securement Systems," and blocked and braced against shifting in accordance with the 
requirements of 49 CFR 393.104, "Blocking and Bracing." In addition the following restrictions are 
imposed to meet the NTC and risk assessment accident structural parameters of this SARP. 

High-activity-content drums packaged in NuPac Model N-55 Overpack Systems shall be 
secured to  the front end of the conveyance in accordance with 49 CFR 393.102. In addition the 
overpack shall be blocked and braced in accordance with 49 CFR 393.104 for the rearward and 
lateral directions by either wooden blocks nailed to the deck or chocking chains secured to the 
conveyance. 

10.1.1 Standard Drums 

Standard 208 L (55-gal) drums may shipped in two array forms as follows, which are 
dependent upon the allowable speed as shown in Part E, Section 7.4. 

1. Drum shipments with an allowable speed of 48 km/h (30 mph) may be shipped in an 
array with a total gross weight of 1,361 kg (3,000 Ib). The total gross weight of all 
the drums in the array may not exceed 1,361 kg (3,000 Ib). 

2. As an alternative, with an allowable speed of 40 kmlh (25 mph), an array with a 
total gross weight of 2,268 kg (5,000 Ib) may be transported. 

In both cases, either array of drums may be transported on a conveyance provided the 
following requirements are met. . 

. 

The first row of drums on the array at the front must be placed at the front end 
structure of the conveyance. 

Between each set of drums there must be a set of intermediate restraint beams that 
are secured to the conveyance. 

Each set of intermediate restraint beams must have an aggregate load limit of 
2 times the total gross weight of the array. This is based on the AlSC (1989) 
equivalency for a uniformly loaded beam. 

The drum at either the front or rear of the conveyance shall be blocked and braced 
from shifting in any direction by the walls of the conveyance, intermediate restraint 
beams, blocking and bracing of the drum array, or any combination of the three. 
Blocking and bracing shall be accomplished by the following: 

Wooden chock blocks nailed to the bed of a wooden deck 
conveyance 
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- Chains, wire rope, or straps wrapped around the array of drums and 
secured to the conveyance 

Carbon steel clips welded or bolted to the bed of a steel deck 
conveyance. 

- 

Single drum or single drum-array shipments shall be secured to the front end of the 

The array must be secured to the conveyance in accordance with 49 CFR 393.102. 

conveyance in accordance with 49 CFR 393.102 and blocked and braced in accordance with 
49 CFR 393.104 for the rearward and lateral directions. 

10.1.2 Retrieval Drums 

Retrieval drums only may be shipped in one array form. Retrieval drum shipments are 
restricted to  a maximum speed of 48 km/h (30 mph) with a maximum total gross weight of 726 kg 
(1,600 Ib) in the array. This means the total gross weight of all the drums in the array may not 
exceed 726 kg (1.600 Ib). 

An array of retrieval drums may be transported on a conveyance provided the following 
requirements are met. 

The first row of drums on the array at the front must be placed at the front end 
structure of the conveyance. 

Between each set of drums, there must be a set of intermediate restraint beams 
that are secured to the conveyance. 

Each set of intermediate restraint beams must have an aggregate load limit of 
2 times the total gross weight of the array. This based on the AlSC (1989) 
equivalency for a uniformly loaded beam. 

Drums at either the front or rear of the conveyance shall be blocked and braced 
from shifting in any direction by the walls of the conveyance, intermediate restraint 
beams, blocking and bracing of the drum array, or a combination of the three. 
Blocking and bracing shall be accomplished by the following: 

- Wooden chock blocks nailed to the bed of a wooden deck 
conveyance 

Chains, wire rope, or straps wrapped around the array of drums and 
secured to the conveyance 

Carbon steel clips or angles welded or bolted to the bed of a steel 
deck conveyance. 

- 

- 

The array must be secured individually to the conveyance in accordance with 
49 CFR 393.102. 

Single drum or single drum-array shipments shall be secured to the front end of the 
conveyance in accordance with 49 CFR 393.102 and blocked and braced in accordance with 
49 CFR 393.104 for the rearward and lateral directions. 
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10.2 ATTACHMENTS, RATINGS, AND REQUIREMENTS 

Tiedown attachments to the conveyance and tiedown components must have the same 
rated working capacity or working load of the tiedown. Chains, straps, or wire rope used as 
chocking must have an aggregate working capacity or working load of Yi the weight of the drum or 
drum array. Wooden chock blocks nailed to the deck or carbon steel clips or angles welded to the 
deck must have a load capacity of % the weight of the drum or drum array. 

10.3 REFERENCES 

49 CFR 393, "Parts and Accessories Necessary for Safe Operations," Code of Federaf Regulations. 
as amended. 

AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel Construction, 
Chicago, Illinois. 
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