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TANK WASTE REMEDIATION SYSTEM (TWRS) USQ Tracking Number
UNREVIEWED SAFETY QUESTION (USQ)

SCREENINGIDETERMINATION FORM
TF-98-1151

Rev 1

AREA [] East [] west [Xl General I
FACILITY [] SST [] DST [] AWF [Xj Other CPO Shipping.

I

ECN number(s): # 646743 PCA number(s): N/A

Work Package number(s): N/A Other document number(s): N/A

TITLE: REVISION OF HNF-SD-TI-SARP-001, REVISION 1-B TO 2 PER ECN # 646743

Description of the Proposed Activity, Reportable Occurrence, or PL4B:

The proposed activity is the revision to HNF-SD-SARP-001 (SARP-001), Sample Pig >ransport &stem Sajety
Ana&sis Report for Path-agrng (Onsite), by ECN # 646743. Revision 1 of this USQS includes the use of the
Doorstop paint can as the secondary containment container in the sample pig transport system for LUDA
sampling only.

Introduction: I
The SARP-001 provides the analysis and evaluation necessary to demonstrate that the sample pig transport
system meets the onsite transportation safety requirements of HNF-PRO- 154, Responsibilities and Procedures,

for all hasardousMaterial and HNF-PRO-157, Radioactive Material/Waste Shipments.

However, when taking waste samples (using an approved sampling device for use in the sample pig transport
shipping container system from Hanford’s tank farms) the bounding document for work in Tank Farms is HNF-
SD-WMBIO-001, Tank Waste Renrediaiion System Basisfor Interim Operation, (RIO).

ECN # 646743 updates the SARP-001 to incorporate the use of a modified PAS-1 Pig, referred to as the Steel
Pig in the SARP, or the paint can (for LUDA sampling only) with the sample pig transport shipping container
system. The sample pig transport shipping container system parameters were m-evaluated to ensure that the

Steel Pig and the paint can (normally used with the Doorstop shipping container system) used with the sample
pig transport shipping container system meets the onsite transport safety requirements of HNF-PRO-154 and
HNF-PRO-157.

The maximum source term used in there-evaluation for the Steel Pig was sample volume of 500 ml. The
radlonuclide inventory was scaled from the 125 ml worst case inventory in the SARP. The maximum source
term used in the re-evahration for the paint can was sample volume of 125 ml for LUDA sampling only.

The SARP-001 revision now includes the following as approved secondary containment containers to be used
with the sample pig transport shipping container system:

1) Sample Pig
2) SAFESEND
3) Steel Pig

NS&lJDJM(10/0S/9S)
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Rev 1
1

4) Paint Can (normally used with the Doorstop shipping container system) (LUDA sampling only)

Scope:

The scope of this USQS is to determine if the changes made by ECN # 646743 to SARP-001, for shipping and
transporting tank farm waste samples using the Steel Pig or the Doorstop paint can (LUDA samples only) with
the sample pig transport shipping container system, comply with the requirements set forth in the tank farms
Authorization Basis.

Authorization Basis:

The Authorization Basis (AB) for work in tank farms is given in Wagoner 1997. This letter lists all the

applicable Authorization Basis documents for TWRS. Th~ WO major AB documents me

1) Basis for Interim Operation (MO), and
2) The associated Tectilcal Specification Requirements (TSR)

There is no specific applicability to waste tank sample shipment: located in the BIO. However, Section
5.3.2.23.1 (High Wind) Part ~ the accident scenario for sample cask transport vehicle crash states, ” The
containers are transported using WHC-SD-TP-SARP-O02, Safety Analysis Reportjor Pac?@ng (Orrsite) Onsitf
Transport Cask, as the Authorization Basis for the onsite transport cask or WHC-SD-TP-SARP-001, Sample
Pig Transport System Safety Analysis Report for Packap”ng (Onsite), for pigs... Because the safety analysis
reports for packaging provide the Authorization Basis for cask and pig transport, their transport is not
considered further in thk BIO.” Thk last statement would also imply that HNF-SD-TP-SAKP-023, Safety
Ana@is Report for Doorstop @stem would be considered the Authorization Basis for Doorstops.

DOE-9501704B letter, “Cancellation of RLID 5480.3, Safe@ Requirements for the Paclrxgitigond
Transportation of Hazardous Materials, Hazardous Substances, and Hazardous Wastes; and RL 5480.1
Change 1, Chapter IIIj Safety Requirements for the Packa@”ng of Fissile and Other Radioactive Materials”,
(dated March 29, 1995), stated that for onsite transfers of hazardous materials, each contractor must establish
company policy for preparing, packaging, and transferring hazardous materials that will not present a hazard to
the health and safety of the workers, the public, and the environment, HNF-PRO-I 54, Responsibilities and
Procedures, for all Hazara%usMaterial and HNF-PRO-1 57, Radioactive Material/Waste Shipments provides
onsite packaging requirements for the Hanford Site. HNF-SD-TP-SARP-023, WHC-SD-TP-SARP-00 1 and
WHC-SD-TP-SARP-002 provides the analyses and evaluation necessary to demonstrate that the shipping
containers meet the performance requirements stated in IENF-PRO-1 54, HNF-PRO-157, and U.S. Department
of Transportation (DOT) requirements.

The DOE-9501704B letter also states that the company policy shall be consistent with existing DOE and
reauthorized RL Orders and statutory requirements for onsite operations. Contractors may elect to use U.S.
Department of Transportation (DOT) approved or DOEiNuclear Regulato~ Commission certified containers
for onsite transfers or established defensible safety bases for containers that do not meet offsite shipping

regulations.

NS&UD3M(10/0SJ98)
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references:

) HNF-SD-WM-BIO-OO 1, Rev. l-~ Tank Waste Remediation System Basis Forinterim Operation,
January, 1998.

!) HNF-SD-WM-TSR-006, Rev. O-Q, Tank Waste Remediation @stem Technical Safety Requirements,

January, 1998.

‘) HNF-PRO-I 54, Responsibilities and Procedures for alIHazardousMateriaIs

1) HNF-PRO-157, Radioactive Materials/Waste Shipments

0 DOE-RL Letter, A.R. Valdez to PresidentlWHC et. Al., Correspondence Number 9501704B;
Cancellation of RLID S480.3, Safety Requirements for the Packagirsg and Transportation ofHazardous

Materials, Hazardous Substances, and Hazardous Wastes; andRL S480.1 Change I, ChapterHL Safety
Requirements for the Pachzzgttig ofFissile and Other Radioactive Materials, March 29, 1995.

0 Wagoner 1997, DOE-RL Letter 97-SCD-1 86, J. D. Waggoner to H. J. Hatch, FDH, Contract Number
DE-A C06-96RL13200 - Approval of Tank Waste Remediation System (TWR$) Basis for Interim
Operation (HO) Readiness andAuthorization Basis (AB) Approval, September 12, 1997.

;onclusion:

The changes made to SARP-001 by ECN # 646743 that affect the tank farm waste sample shipments and
ransportation using the pig shipping container system is within the bounds of the Authorization Basis.

JSQ SCREENING

L Does the Proposed Activity represent a change to the facility as described in the Authorization
$asis?

[Xl No [] Yes [] IWA

Basis:
DOE Order 5480.21, Chapter 2, #2, “C/ranges” defines what is not considered a change to the facility
as follows:

(a) Z4e change does not a@ delete, or convert an automatic or manual feature of the SSC.

(b) The change &es not introduce anew system interactions.
(c) i%e change does not alter the seismic qualljications, environmental qualljlcation or

quali~ group classljication of the SSC.
(2 lhe change replaces a component with eqmpment equivalent to that of the old

component.

s&UDJM(10/0S19S)
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The proposed activity does not violate any ofthese criteria and is therefore not a change to the facility a
described in the Authorization Basis (AB). No new system interactions are involved. The SARP
change does not represent a change to any TWRS facility. The sample volume sizes brought out in the
SARP are applicable to the grab sampling activities. .The BIO describes the grab sampling activities, bu
does not dictate a sample volume size to be used or how the sample is to be transported. Therefore, the
sample size and method of transporting the sample in the pig shipping container system does not tiect
the BIO. The taking of waste samples, packaging and shipping the Steel Pig or the Doorstop pain can
with the sample pig transport shipping container system per the SARP does not add waste to the tank or
change the tank waste composition.

Does the Proposed Activity represent a change to procedures as described in the Authorization
Basis?

[Xl No [] Yes [] N/A

Basis:
DOE Order 5480.21 defines changes in the procedures as follows

“3. Changes in ihe Procedures as Described in Safety Analysis.

a. 17rere are three types ofprocedures changes to be considered First, l~aprocedure is no
contained or described in the safety analyses, it would not require USQ evaluation to be
performed before a change can be implemented SeconcJ changes to procedures simply
listed and not outlined summarized or described in the safety analyses, do not require
evaluation in accoroiwsce with this Order in the outline, summaiy, or description in the
safety analyses are impacted

b. Procedures are not limited to those items speciflcal~ identl~edasprocedures types (e.g.,
operating, chemistiy, +vstem, test, surveillance, and emergency plan) but could include
anything described in the safety analyses that defines or describes activities or controls
over the conduct of work. If changes to these activities or controls are mczie, such
changes quail> as changes to procedures as described in the safety analyses, and the
changes must be evaluated.

c. In instances when procedural modl~cations are implementing operational changes, such
asset point changes, while the procedure itself may not meet the requirement for
evaluation, in accoraimrce with this Order, the operational change should be evaluated to
assure it does not impact the authorization basis limits or supporting safe@ analyses. ”

The proposed activity does not impact the safety basis limits or represent a change to the procedures as
described in the Authorization Basis documents. The proposed activity does not create any new
procedures nor does it affect any existing procedures.

NS&IJZNM(10/0s/sS)
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.-.

h

,.

Does the test or experiment represent a test or experiment not described in the Authorization
Basis?

[] No [] Yes [Xl N/A

Basis: The proposed change is not a test or experiment.

Does the Proposed Activity or Reportable Occurrence impact any TSRS or other Authorization
Basis controls?

[Xl No [] Yes [] N/A

Basis:
There are currently no applicable OSRS, IOSRS, or any CLP within TWRS and this portion of the
screening still has not been modified within HNF-IP-0842 or applicable HNF-PRO document.
However, this question is intended to address any AB level control, whether it is from the TSR
document or other AB document. Applicable TWIN BIO/TSR controls for using the steel pig or the
Doorstop paint can with the sample pig transport shipping container system are within the boundaries of
the TWRS facilities are

@ AC 5. 10.2.b Ignition Controls (Vehicle Controls) which controls the vehicle used within the tank
farms.

b) AC 5. 10.2c Flammable Gas Ignition Controls which controls the material of construction of
equipment to be of spark-resistant material, or shall be rendered incapable of sparking with
sufficient energy to combust hydrogen, or evaluated to be incapable of sparking with sufllcient
energy to combust hydrogen under the applied condhions.

c) AC 5.16 Dome Loading Controls which limits the weight of equipment on the tank.

The SARP changes do not affect these controls. Therefore, the proposed change does not atTect any AB
level control,

Does the Reportable Occurrence or PIAB involve analytical errors, omissions, and/or deficiencies
in the Authorization Basis?

[] No [] Yes [XJ N/A

Basis: The proposed change is not a Reportable Occurrence or PIAB

?W&UOJM(10/0S/98)
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TANK WASTE REMEDIATION SYSTEM (TWRS) USQ Tracking Number
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SCREENING/DETERMINATION FORM
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USQ SCREENER:

R. G. Brown
4intName

USQ EVALUATOR.

_C. A. Esvek
PrintName

Signatdre \
+#!YL_

WQ DETERMINATION

1.

2,

1.

$.

Could the Proposed Activity, Reportable Occurrence, or PIAB significantly increase the frequency of
occurrence of an accident previously evaluated in the Authorization Basis?

[] No [] YesiMaybe

Basis:

Could the Proposed Activity, Reportable Occurrence, or PIAB increase the consequences of an accident
previously evaluated in the Authorization Basis?

[] No [] Yes/Maybe

Basis

Could the Proposed Activity, Reportable Occurrence, or PIAB significantly increase the frequency of
occurrence of a malfunction of equipment important to safety previously evaluated in the Authorization
Basis?

[] No [] Yes/Maybe

Basis

Could the Proposed Activity, Reportable Occurrence, or PIAB increase the consequences of a
malfunction of equipment important to safety previously evaluated in the Authorization Basis?

[] No [] Yes/Maybe

Basis:

L
NS&UDJM(10/0LV9S)
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TANK WASTE REMEDIATION SYSTEM (TWRS) USQ Tracking Number
UNREVIEWED SAFETY QUESTION (USQ)

SCREENING/DETERMINATION FORM
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Rev 1

5.

6.

7,

8.

Could the Proposed Activity, Reportable Occurrence, or PLKB create the possibility of an accident of a
different type than any previously evaluated in the Authorization Basis?

[] No [] Yes/Maybe

Basis

Could the Proposed Activity, Reportable Occurrence, or PIAB create the possibility of a malfunction of
equipment important to safety of a different type than any previously evaluated in the Authorization
Basis?

[] No [] Yes/Maybe

Basis:

Could the Proposed Activity, Reportable Occurrence, or PIAB reduce the margin of safety for any TSR

or other Authorization Basis control?

[1 NO [] Yes/Maybe

Basis:

Does the Proposed Activity, Reportable Occurrence, or PIAB require a new or revised TSR or other
Authorization Basis control?

[] No [] Yes/Maybe

Basis:

USQ EVALUATOR: USQ CORE EVALUATOR

PrintName PrintNmno

Sigmlure Dare Signature Date

NSM..JDJM(10/0S/9S)
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HNF-SD-TP-SARP-001, Rev. 2

Safety Analysis Report for Packaging (Onsite) ~
Sample Pig Transport System

J. C. MCCOY
Waste Management federal Services, Inc., Northwest Operations
for F1uor Daniel Hanford, Inc. , Richl and, WA 99352
U.S. Department of Energy Contract DE-AC06-96RL13200

EDT/ECN: ECN 646743 UC: 513
Org Code: 74900 Task Order: GS080003
CACN/COA: 102297 /EIOO Project/Crosswalk: 772028/128
B&R Code: EW3120074 Total Pages: ~fi 312

Key Words: SARP, Type B, fissile excepted, interarea, Safesend, Steel
Pig, Light-Duty Utility Arm, LDUA

Abstract: This Safety Analysis Report for Packaging (SARP) provides a
technical evaluation of the Sample Pig Transport System as compared to
the requirements of the U.S. Department of Energy, Richl and Operations
Office (RL) Order 5480.1, Change 1, Chapter III.

The evaluation concludes that the package is acceptable for the onsite
transport of Type B, fissile excepted radioactive materials when used in
accordance with this document.

TRADEMARK DISCLAIMER. Reference herein to anyspecific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarl IY constitute or impty its
endorsement, reconrnendat i on, or favoring by the United States Government or any agency thereof or
I ts contractors or subcontractors.

Printed in the United States of America. To obtain copies of this document, contact: Document
contro( Services, P.O. Box 950, Mai [stop H6-08, Rich land WA 99352, Phone (509) 372-2420;
FaX (509) 376-4989.

Date

Approved for Public Release

A-6400-073 (01/97) GEF321
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SAFETY ANALYSIS REPORT FOR PACKAGING (ONSITE)
SAMPLE PIG TRANSPORT SYSTEM

PART A: PACKAGE DESCRIPTION AND OPERATIONS

1.0 INTRODUCTION

1.1 GENERAL INFORMATION

The Sample Pig Transport System includes a multi-component packaging system
consisting of a Type B certified N-55 overpack, U.S. Department of Transportation (DOT)
Specification 17C or 17H or a specification UN1A2 208 L (55-gal) drum; Sample Pig Shipping
Container; and one of four payload container configurations. These include (1) a lead-shielded
sample carrier known as the Sample Pig, (2) a steel-shielded sample carrier known as the Steel
Pig, (3) the Light-Duty Utility Arm (LDUA) Sampler, or (4) Safesendl. The Sample Pig
Transport System is used to transport samples to onsite laboratories for evaluation.

This Safety Analysis Report for Packaging (SARP) provides the analyses and evaluation
necessary to demonstrate that the Sample Pig Transport System meets the requirements of
HNF-PRO-1 54, Responsibilities and Procedures for all Hazardous A4ateria~ HNF-PRO-1 57,
Radioactive Material/Waste Shipments; HNF-PRO-1 63, Documentation and Record Keeping;
and HNF-PRO- 166, Transportation Safety Training Requirements. Through evaluation herein,
the packaging has been shown to meet the Transportation Hazard Indicator (THI) 3 performance
requirements. Evaluation by testing, analysis, and initial leak testing per American National
Standards Institute (ANSI) N 14.5 (ANSI 1987) demonstrate packaging performance and safety.

The scope of this SARP includes evaluating the package design and demonstrating that it
meets onsite packaging requirements. This SARP also establishes operational, acceptance,
maintenance, and quality assurance (QA) guidelines to ensure that the method of transport for
the Sample Pig Transport System is performed in accordance with HNF-PRO-I 54 and
HNF-PRO-1 57.

1.2 SYSTEM DESCRIPTION

The Sample Pig Transport System is designed to transport Type B radioactive material on
the Hanford Site in accordance with the onsite packaging requirements and HNF-PRO- 154 and
HNF-PRO-1 57. The Sample Pig Transport System is a reusable package for shipments of solid,
liquid, slurry, or sludge samples.

‘Safesend is a trademmkof the 3M Corporation
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The system (Figure A2- 1) utilizes an existing certified packaging (N-55 overpack) with an
internal containment system (Sample Pig Shipping Container). The N-5 5 Overpack System
(overpack with 208 L [55-gal] drum inside) provides fire and impact resistance per Title 10 Code
of Fede~al Regulations Part 71 (10 CFR 71). The Sample Pig Shipping Container is retained
inside of the 208 L (55-gal) drum using fiberboard spacers. A Sample Pig, Steel Pig, LDUA

Sampler, or Safesend, with the tank waste sample inside, is loaded into the Sample Pig Shipping
Container.

Two N-55 overpacks maybe placed on the transport vehicle. A tiedown fixture is affixed
to the top of the overpack, and straps are used to tie down the package to the transporter.

1.3 REVIEW AND UPDATE CYCLES

Thk SARP is subject to periodic reviews and updates. The reviews shall be performed
every five years to ensure that all SARP evaluations and other included information meet new or
revised regulatory and/or company requirements. The first complete review and update of the
Sample Pig Transport System SARP will be approximately September 2001. Review shall be
through the formal process per Part A, Section 7.6.

Al-2
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2.0 PACKAGING SYSTEM

2.1 CONFIGURATION AND DIMENSIONS

The packaging system consists of an N-55 overpack a DOT specification 208 L (55-gal)
drum with foam inner spacers; a Sample Pig Shipping Containeu and a Sample Pig
(Figure Al-l), Steel Pig, LDUA Sampler, or Safesend. The N-55 overpack is a right circular
cylinder 122 cm (48 in.) high by 81 cm (32 in.) in diameter with an 89-cm- (35-in.-) high by

61-cm- (24-in.-) diameter cavity. The 208 L (55-gal) drum is 89 cm (35 in.) high by 61 cm
(24 in.) in diameter and fits snugly into the N-55 overpack. The Sample Pig Shipping Container
(Figure A2-2) is 34.93 cm (13sA in.) tall by 20 cm (8 in.) in diameter and fits snugly into the
cavity created by the drum’s inner spacer. The Sample Pig Shipping Container holds either a
Sample Pig, a Steel Pig, an LDUA Sampler, or a Safesend, which carries the tank waste sample.
The Sample Pig is lead-shielded and approximately31. 12 cm (12.25 in.) tall by 15 cm (6 in.) in
diameter and transports a 125 mL (4-oz) sample. The Steel Pig is 26.67 cm (10.5 in.) tall by

16.83 cm (6.625 in.) in diameter and transports up to 0.5 L (16.9-oz) samples. The LDUA
Sampler contains a 68 ml (2.3-oz) sample in a stainless steel (SS) clamshell and is placed in a
metal can with 1 cm of lead shielding for transport. The Safesend is approximately 31.75 cm
(12.50 in.) tall by 20.27 cm (7.98 in.) in diameter and can transport up to 1 L (34-oz) samples.
However, the Safesend has no shielding for samples larger than 0.25 L.

2.2 MATERIALS OF CONSTRUCTION

The structural materials of the Sample Pig Transport System areas follows:

●

●

●

●

●

●

●

Overpack shell: 20-gage galvanized steel outer shell and fiberglass inner shell

Overpackfoarn: 3 lb/ft3 polyurethane foam

208 L (55-ga): galvanized carbon steel

Sample Pig Shipping Container: Schedule 40 American Society for Testing and
Materials (ASTM) A312 Type 304L SS seamless pipe and an ASTM Al 82 Grade F
Type 304L SS pipe flange

Sample Pig Shipping Container lid ASTM Al 82 Grade F 304L SS pipe flange with
a schedule 40 ASTM A312 304L SS pipe welded to it and an ASTM A240 304L SS
plate welded on top

Sample Pig Shipping Container lid bolts: 3/4in. hex head ASTM A193 Grade B8 304
SS bolts

Sample Pig Schedule 40 ASTMA312304L SS seamless pipe shell with 4.8 cm
(1.9 in.) of poured lead shielding. Quick-release safety pin holds lid in place
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Figure A2-1. Sample Pig Transport System.
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Figure A2-2. Sample Pig Shipping Container With SarnpIe Pig,
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. Sample Pig lid: Schedule 80 ASTM A312304L SS seamless pipe with 11-gage
ASTM 240 SS sheet covering each end

● Steel Pig and LDUA Sampler: ASTMA312 Type 304 SS

● Safesend (or equivalent container): molded polyethylene.

Other Materials utilized are:

. Parker 2-375 Neoprenez 45-Durometer Sample Pig Shipping Container O-ring, or

9.475 in. * 0.055 inside diameter (ID), 9.895 in. outside diruneter (OD) Neoprene
45-Durometer O-ring

. Neoprene overpack gasket

● Drum gasket as specified by drum manufacturer.

2.3 MECHANICAL PROPERTIES OF MATERIAL

The mechanical material properties for the Sample Pig Transport System are presented in
Part B, Section 7.2.2.

2.4 DESIGN AND FABRICATION METHODS

Design of the Sample Pig Transport System meets American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code, Section VIII (ASME 1992), requirements.

Fabrication of the N-55 overpack was in accordance with the Nuclear Packaging,
Incorporated (NuPac) QA program which is a 10 CFR71, Subpart H approved program. The
Quality Level (QL) of the overpack requires American Welding Society (AWS) welds and
performance of those welds by ASME, Section IX, certified welders. The 208 L (55-gal) drum
is fabricated in accordance with the requirements detailed in 49 CFR 178.

Maintenance required for QL B-3 components is found in Table A8-2.The Sample Pig
Shipping Container was fabricated in accordance with a NQA- 1 program and meets
ASME (1992), requirements. The Sample Pig Shipping Container is a leak testable container
that meets the ANSI N 14.5 (ANSI 1987) leak rate requirements.

The Sample Pig, Steel Pig, LDUA Sampler (including the overpack can), and Safesend
container are supplied as general service items. The quality requirements for these items are
discussed in more detail in Part A, Section 7.0.

2Neoprene is a trademark of E.L duPent de Nemours andCompany.
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2.5 WEIGHTS AND CENTER OF GRAVITY

The weight of the empty Sample Pig Transport System is 261 kg (575 lb), The maximum

authorized gross weight of the packaging system is 272 kg (6oO lb). The weight of the contents
shall not exceed 11 kg (25 lb). The center of grrrvity is located 57.9 cm (22.8 in.) ffom the
bottom on the package centerline.

2.6 CONTAINMENT BOUNDARY

The Sample Pig Shipping Container provides the containment boundary. It meets the

definition of leaktight given in ANSI N14.5 (ANSI 1987). The 208 L (55-gal) drum provides a
secondary containment boundary with its gasket and bolted lid. For a complete description of
the containment system, refer to Part B, Section 4.0.

2.7 CAVITY SIZE

The internal cavity of the Sample Pig Shipping Container is 20.27 cm (7.98 in.) in

diameter by 33.66 cm (13.25 in.) high.

2.8 HEAT DISSIPATION

No special devices are used for the transferor dissipation of heat. Refer to Part B, Section
8.0, for the thermal evaluation of the Sample Pig Transport System. Maximum allowable decay
heat is 3 W. The maximum internal pressure of the Sample Pig Transport System shall not
exceed 5.8 psig.

2.9 SHIELDING

Lead and steel are the primary shielding materials. The Sample Pig has approximately
4.8 cm (1.9 in.) of lead on each side of its cavity. The Steel Pig has approximately 3.81 cm
(1.5 in.) to 4.127 cm (1.625 in.) of SS surrounding its cavity. The LDUA Sampler is onshielded,
but is surrounded by approximately I cm (0.4 in.) of lead shielding when packaged inside the
metal can for transport. Refer to Part B, Section 5.0, for the shielding evaluation. Shieldhg is
also provided inside of the Safesend by SS pigs for sample sizes less than 0.25 L.
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2.10 LIFTING DEVICES

Lifting devices are a structural part of the package. Four reinforced lifdng locations are
provided on the N-55 overpack. There are also lifting bails integral to the Sample Pig and the
Sample Pig Shipping Container, and the Steel Pig is equipped with a 1.27 cm (0.5 -in.) eyebolt
with 13 UNC threads for lifting. The LDUA Sampler and the Safesend are not equipped with
any special lifdng devices. Refer to Part B, Section 7.0, for greater detail on the lifting devices.

2.11 TIEDOWN DEVICES

There are no tiedown devices or attachment points that area structural part of the
packaging. A tiedown assembly is utilized to attach the packages to the transport vehicle and is
evaluated in Part B, Section 10.0.

A2-6



HNF-SD-TP-SARP-OO1, Rev. 2

3.0 PACKAGE CONTENTS

3.1 GENERAL DESCRIPTION

The Sample Pig Transport System is used to transport liquid or solid tank waste that has
not been fully characterized. The samples may be shipped in volumes of 0.125 L, 0.5 L, and 1 L.
Note that although the LDUA Sampler has a volume of 0.068 L, it is conservatively modeled as
a 0.125 L sample throughout this SARP. A bonndlng source term has been developed to
minimize the need for reevaluation of the source term when additional tank waste
characterization data becomes available in the future. The source term was developed from the
worst-case source terms shown in the Basis for Interim Operations data in
WHC-SD-WM-SARR-016 (Van Kenren 1996), AZ-102 characterization data shown in
WHC-SD-WM-ER-411 (WHC 1997), and AX-104 characterization data shown in
HNF-SD-WM-ER-675 (Lambert and Hendrickson 1997). The resulting source term was used to
determine the shielding parameters for each sample size as shown in Part B, Section 5.0. The
worst-case 0.125 L source term can be transported in the Sample Pig (or LDUA Sampler, as

appropriate). Samples up to 0.5 L maybe transported in the Steel Pig. SSrrnples up to I L maY
be transported in the Safesend. However, due to the lack of shielding in the Safesend, these
samples can only be transported with reduced concentrations of strong gamma- and beta-emitting
radionuclides. The source terms for each volume are shown in Table A3- 1.

The heat generation rates for the 0.125 L sample in the Sample Pig (or LDUA Sampler, as

appropriate) is 0.063 W. The heat generation rate for the 0.5 L sample in the Steel Pig is 0.25 W.
The heat generation rate for the 0.5 L and 1 L sample volumes in the Safesend areO.116 W and
0.121 W (Part B, Section 9.0). Each sample size is a tlssile excepted, Type B, non-highway
route controlled quantity (Part B, Section 2.0).

3.2 CONTENTS RESTRICTIONS

3.2.1 Radioactive Materials

The source term is limited to that shown in Table A3- 1 for each sample size. Note that the
source term is limited for each isotope, not the total number of curies per sample size.

3.2.2 Nonradioactive Materials

Nonradioactive materials are (1) aqueous solutions or solid mixtures of oxides, nitrites,
nitrates, phosphates, sulfates, fluorides, chlorides, tricalcium aluminate or (2) organic
compounds or extraction liquids.
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Table A3-1. Source Terms for 0.125 L, 0.5 L, and 1 L Volumes of Taak
Waste in the Sample Pig Traasport System. (2 sheets total)

0.125L in Sample
Pigor LDUA

0.5 L in 0.5 L in Safesenda 1 L in Safesend
Isotope

Sampler decayed
Steel Pig decayed decayed decayed

4 years (Ci)
4 years (Ci) 4 years (Ci) 4 years (Ci)

3H 4,46 E-03 1.78 E-02 1.78 E-02 3.57 E-02

“c 2.89 E-06 1,16 E-05 1,16 E-05 2.31 E-05

‘9Ni 1.47 E-05 5.88 E-05 5.88 E-OS 1.18 E-04

60@ 9.69 E-04 3.88 E-03 1.74 E-03 1.71 E-03

63Ni 1.44 E-03 5.76 E-03 5.76 E-03 1,15 E-02

‘9Se 1,39 E-05 5.56 E-05 5.56 E-05 1.11 E-04

90srb 8.82 E+OO 3,53 E+O1 1.59 E+01 1.56 E+O1

90Yb 8.82 E+OO 3.53 E+OI 1.59 E+O1 1.56 E+OI

93zr 6.43 E-05 2.57 E-04 2.57 E-04 5.14 E-04

“’nNb 5.06 E-05 2.02 E-04 2,02 E-04 4.05 E-04

99Tc 4.05 E-02 1.62 E-O1 1.62 E-01 3.24 E-01

‘06Ru~ 1.90 E-03 7.60 E-03 3.41 E-03 3,37 E-03

‘“w’ 1.90 E-03 7.60 E-03 3.41 E-03 3.37 E-03

“’”Cd 3.80 E-04 1.52 E-03 1.52 E-03 3.04 E-03

‘2’Sb’ 1.28 E-02 5.12 E-02 2.30 E-02 2.27 E-02

‘25mTe 3.12 E-03 1.25 E-02 1.25 E-02 2.50 E-02

126sn 2,18 E-05 8.72 E-05 8.72 E-05 1.74 E-04\
‘2’Sb 3.05 E-06 1.22 E-05 1.22 E-05 2.44 E-05

‘*’mSb 2.18 E-05 8.72 E-05 8,72 E-05 1.74 E-04

129I 2.16 E-05 8.64 E-05 8.64 E-05 1.73 E-04

‘34csb 4.09 E-03 1.64 E-02 7.31 E-03 7.28 E-03

‘3’csb 3.11 E-01 1.24 E+OO 5.56 E-01 5.53 E-01

‘;’mBab 2.94 E-01 1.18 E+O0 5.26 E-01 5.23 E-01
I

‘“Pm 4,24 E-05 1.70 E-04 1,70 E-04 3.39 E-04

‘W3m 5.04 E-02 2.02 E-01 2.02 E-OI 4.03 E-01

152EU 4.39 E-05 1.76 E-04 1,76 E-04 3.5 I E-04

‘s’Eub 2.72 E-02 1.09 E-01 4.87 E-02 4.84 E-02

‘S3EU 1.4I E-02 5.64 E-02 5.64 E-02 1,13 E-01

23’Pa 1.13 E-08 4.52 E-08 4,52 E-08 9.04 E-08
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Table A3-1. Source Terms for 0.125 L, 0.5 L, and 1 L Volumes of Tank
Waste in the Sample Pig Transport System. (2 sheets total)

0.125L in Samule 0.5 L in
Steel Pig decayed

4 years (Ci)

0.5 L in Safesend8
decayed

4 years (Ci)

1.34 E-07

1 L in Safesend
decayed

4 years (Ci)
Isotope

Pig or LDU~
Sampler decayed

4 years (Ci)

23’Th 3.35 E-OS

233Pa 3.35 E-03

234mPa 5.83 E-07

234~ 5.83 E-07

233u 6.16 E-OS

234u 8.57 E-07

235u 3.35 E-OS

236U 7.00 E-OS

237u 2,54 E-07

238u 5.83 E-07

237NP 3.35 E-03

23~p 1.68 E-06

238PU 6.12 E-04

239PU 5.30 E-03

240PU 1.40 E-03

1.34 E-07 2,68 E-07

1.34 E-02 1.34 E-02

2,33 E-06

2.68 E-02

4.66 E-062.33 E-06

2.33 E-06 2.33 E-06 4.66 E-06

4.93 E-072,46 E-07

3.43 E-06

2.46 E-07

3.43 E-06 6.86 E-06

1.34 E-07

2.80 E-07

1.34 E-07

2.80 E-07

2.68 E-07

5.60 E-07

1.02 E-06

2,33 E-06

1.02E-06

2.33 E-06

2.03 E-06

4.66 E-06

1.34 E-02 1.34 E-02

6.72 E-06

2,68 E-02

1.34E-056.72 E-06

2.45 E-03

2.12 E-02

2.45 E-03

2.12 E-02

4.90 E-03

4.24 E-02

5.60 E-03

4.24 E-02

5.60 E-03

4.24 E-02

1,12 E-02

8.48 E-02s24’PU 1.06 E-02

242PU 1.29 E-OS

24’Am 3.71 E-02

243Am 1.68 E-06

242Cm 8.50 E-09

243Cm 6.11 E-07

2’4Cm 1.77 E-04

5,16 E-OS

1,48 E-01

5.16 E-OS

1.48 E-01

1.03 E-07

2.97 E-01

6.72 E-06

3,40 E-OS

6.72 E-06

3.40 E-OS

1.34 E-05

6.80 E-OS

1.42 E-03 I

2.44 E-06

7.08 E-04

2.44 E-06

7.08 E-04

4.89 E-06

NOTE Isotopes wifh activities below I x 10-’Ci are not reponed.
?3af. send is a trademark of the 3M Corporation.
These isotopes or tb.ir daughters contribute significmtly to the dose on lb. surface of tie Safesend package

LDUA = Lrgbt-D.ly Utiliw Arm
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4.0 TRANSPORT SYSTEM

4.1 TRANSPORTER

The Sample Pig Transport System is transported by an exclusive-use vehicle. Transfer of
the Sample Pig Transport System is restricted to trucks 1C392 and 1C393. Other vehicles may
be authorized to transfer the Sample Pig Transport System, provided it is shown that they
(1) have equivalent gross vehicle weight limits, tiedown frames, and overhead hoist capacities
and heights and (2) are generally similar to the previously mentioned vehicles,

4.2 TIEDOWN SYSTEM

The tiedown system for the Sample Pig Transport System is shown in Figure A4-1. The
tiedown strap assembly shall have a minimum tensile strength of 907 kg (2,000 lb). An analysis
and discussion of the tiedown system are provided in Part B, Section 10.0.

4.3 SPECIAL TRANSFER REQUIREMENTS

4.3.1 Routing and Access Control

For interarea transport (transport between the 200 Areas and 300 Area), the transfer route
shall be controlled to preclude public access during the transfer. There are no intra-area transfer
restrictions.

4.3.2 Radiological Limitations

The radiation levels shall not exceed the following limits: 10 mSvih (1 ,000 mrern/h) on
the exterior surface of the N-55 overpack, 2 mSv/lr (200 mrern/h) at a vertical plane from the
edge of the transport vehicle, 0.1 mSv/h (1Omrernh) at 2 m (7 ft) from the vehicle edge, and
0.02 mSv/h (2 mrerdh) at any normally occupied space (driver location), unless the worker is a
qualified Hanford Site radiological worker, in which case the limit is 0.05 mSv/h (5 mrerdh).

Removable contamination on external surfaces of the Sample Pig Transport System shall
not exceed Table A4- 1.

4.3.3 Time Restrictions

Gas generation concerns limit the time the Sample Pig Shipping Container can remain
sealed without approaching explosive limits. The seal times (also referred to as shipping
windows) are shown in Table A4-2.
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Table A4-1. External Package Contamination Limits.

Maximum permissible limits
Contaminant

p Ci/cm2 dpru/cm2

Beta-gamma emitting radionuclides; all radionuclides with
*0-5 22

half-lives less than ten days; natural uranium; natural
thorim, uranium-235; uranium-238; thorium-232; thoritnu-
228 and thorium-230 when contained in ores or physical
concentrates

All other alpha emitting radionuclides
~o-6

2.2

Source 49 CFR 173.443,“Shippers--GeneralRequirementsforShipmentsandPackaging: Code of Federal
Regulations,as amended.

Table A4-2. Shipping Windows.

Sample configuration
0,125 L 0.125 L 0.5 L 0.5 L IL

Sample Pig LDUA Steel Pig Safesend* Safesend

Void volume (cc) 4972 7409 3709 1903 1400

Total hydrogen generation rate (cc/h) 0,128 0.128 0.516 0.327 0.494

Shipping window (hours[days]) 485 (20.2) 723 (30.1) 89 (3.7) 72 (3) 35 (1.46)

*Safesendis atrademarkof the3M Corporation.
LDUA=Light-DutyUtilityArm.

4.3.4 Speed Limitations

There areno special restrictions. Posted speed limits shall be followed.

4.3.5 Environmental Conditions

Transport shall not take place under icy conditions unless roads have been plowed and
sanded, or when visibility is seriously impaired by fog, rain, snow, or dust (less than one mile
visibility).

4.3.6 Frequency of Useand Mileage Limitations

The Sample Pig Shipping Container is reusable and with proper maintenance can be used
until inspections identifi unacceptable conditions caused by normal wear.

A4-3



HNF-SD-TP-SARP-OO 1, Rev. 2

4.3.7 Escort and Emergency Response

There are no specific escort requirements for transport of the Sample Pig Transport
System. Allemergency response notification istheresponsibility of the shipper. Thetypical fire
department response time onsite is 15 minutes.

4.3.8 Exclusive Use

The transport vehicle shall not carry any other packaging containing hazardous material
during Sample Pig Shipping Container transfer.
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5.0 ACCEPTANCE OF PACKAGING FOR USE

5.1 NEW PACKAGING

All newly fabricated Sample Pig Transport System components shall be inspected and
tested per the following requirements prior to use in the field. The Sample Pig Transport System
is a THI 3 package per HNF-PRO- 154. The Sample Pig Transport System contents dose
consequence is covered by the Onsite Transfer Cask (OTC) SARP (WHC-SD-TP-SARP-O02,
Rev. 1-C) dose consequence (Part B, Section 4.0). The Sample Pig Transport System easily
meets the failure threshold requirements of a THI 3 package as detailed in
WHC-SD-TP-SARP-O02, Rev. 1-C, because it meets 10 CFR 71 performance requirements.

5.1.1 Acceptance Requirements

Fabrication acceptance requirements for the Sample Pig Transport System are based upon
the THI and QL of the component to be inspected or tested. QL A-3 and B-3 components or
activities, as defined in Part A, Section 7.0, are important to safety and require proper
documentation if they are not inspected or tested as required by this section.

5.1.2 Inspection and Testing

The following inspections and testing shall be performed on newly fabricated Sample Pig
Transport System components. The inspections are based on the QL of the component. QL A-3
components are considered important to safety, and the inspections and testing shall be
documented and maintained per Part A, Section 5.1.3. QL A-3 testing and inspection
requirements are listed in Table AS-1.

QL B-3 components fabrication inspections and tests are required to be performed as
shown in Table A5-2. QL B-3 components are considered important to safety, and the
inspections and testing shall be documented and maintained per Part A, Section 5.1.3.
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Table A5-1. Quality Level A-3 Fabrication Testing and Inspections

Component testiinspection Acceptance requirements

Sample Pig Shipping Container, seal, Meets all the materials and fabrication requirements

and bolts visual inspection of the drawings (Part B, Section 9.2).

Sample Pig Transport System Each component is placed inside the respective
assembly test component and closes and functions properly (i.e.,

Sample Pig, Steel Pig, Light-Duty Utility Arm
Sampler, or Safesend* inside the Sample Pig
Shipping Container, inside the 208 L [55-gal] drum,
inside the N-55 overpack).

Lead shielding 100% lead gamma No deficiencies that would reduce the effective

scan shielding thickness by 10°/0or more.

Sample Pig Shipping Container leak Meets ANSI N14.5 (ANSI 1987) leaktight leak rate

test of 1 x 10-70atm, cc/s.

Sample Pig Shipping Container Does not exlibit headmarks published in U.S.

closure bolts Department of Energy Bulletin No. DOE/EH-0266
(DOE 1992).

.“. .,..” ...satesena1sa traaemamor me 3ivi Lorporauon,

ANSI= AmericanNationalStandmdsInstitute.
ANSI, 1987,AmericanNational Standardfor RadioactiveMalerials- Leakage Tests on Packzgesfor Sh@menL

ANSIN14.5AmericanNationalStandardsInstitute,Inc.,NewYork,NewYork.
DOE, 1992,DOE QualityAlert, BulletinDOE/EH-0266,IssueNo.92-4,U.S.Departmentof Energy,Washington,

D.C.

Table A5-2. Quality Level B-3 Fabrication Inspections and Tests

Component inspectiotitest Acceptance requirements

Lithg fixture load test Hanford Site Hoisting and Rigging Manual

(RL 1993).

208 L (55-gal) drum visual inspection Per N-55 overpack SARP drawing and
requirements or requirements of 49 CFR 173 for
reusable drmns (UN1 A2).

N-55 overpack visual inspection Per N-55 overpack SARP drawings and
requirements.

Lifting fixture visual inspection Meet material and fabrication requirements.

SARP = Safety analysis report for packaging.
49 CFR 173. “ShiDDers--General Requirements for Shipments and Packaging: Code of FederalRegulations,as

amended.
RL, 1993,HanfordSite Hoisdngand RiggingManual,DOEIRL92-36,Rev.O,U.S. Departmentof Energy,

RichkmdOperationsOffice,Richkmd,Washington.
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QL C-3 component fabrication inspections and tests are required to be performed as shown
in Table A5-3. QL C-3 activities are not considered important to safety.

Table A5-3. Quality Level C-3 Fabrication Tests and Inspections.

Component inspectionhest Acceptance requirements

Sample Pig, Light-Duty Utility Arm Drawing material and fabrication
Sampler, or Steel Pig visual inspection requirements.

Safesend* Quality control green tag for use.

Tiedowm straps Meets purchase requisition requirements.

Overpack gasket Meets N-55 overpack drawing requirements.

*Safesendis a trademarkof the3MCorporation.

5.1.3 Documentation

All inspections shall be documented in procedures and/or inspection checklists and
verified by Quality Control (QC). The documentation shall be maintained for the life of the
package or five years, whichever is longer.

5.2 PACKAGING FOR REUSE

The following applies to the Sample Pig Transport System components that have
previously been used to transport radioactive materials.

5.2.1 Acceptance Requirements

Acceptance requirements for the re-use of the Sample Pig Transport System are based
upon the THI and QL of the component to be inspected or tested. QL A-3 activities are
considered important to safety, and the inspections and testing shall be documented and
maintained per Part A, Section 5.2.3. QL A-3 components or activities, as defined in Part A,
Section 7.0, are important to safety and require proper documentation if they are not inspected or
tested as required by thk section.

5.2.2 Inspection and Testing

Each of the following inspections shall be performed prior to re-use of any or all of the
Sample Pig Transport System components. The inspections are based on the QL of the
component. QL A-3 component inspections are listed in Table A5-4.
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Table A5-4. Quality Level A-3 Component Inspections

Componentkrspection Acceptance criteria

Sample Pig Shipping Container cleaned and Table A4- 1 limits.
decontaminated I
Sample Pig Shipping Container visual
inspection

Sample Pig Shipping Container O-ring visual
inspection

Sample Pig Shipping Container closure lid
Bolts visual inspection

No weld degradation, dents, or damage to the
container greater than 1.27 cm (0.5 in.) in depth that
could affect the containment of the packaging are
present.

Replace if signs of aging, cracking, hardening, or
stretching are present.

Replace if signs of rust (excluding stains), galled
threads, suspect head markings, or cracks are
present.

Sample Pig Shipping Container seal surface No scratches or damage that would affect
containment are present, 1

QL B-3 component inspections are listed in Table A5-5. QL B-3 activities are considered
important to safety, and the inspections and testing shall be documented and maintained per
Part A, Section 5.2.3.

Table A5-5. Quality Level B-3 Component Inspections.

Component inspection Acceptance requirements

N-55 overpack decontamination and Table A4-1 decontamination limits and no signs of
Visual inspection weld degradation, loss of rivets, large dents (greater

than I/~of each overpack half), or visible foam.

208 L (55-gal) drum decontamination and Table A4-1 decontamination limits, no signs of weld
Visual inspection degradation or dents in the drum that prevent proper

closure of the lid.

Lifting fixtures visual inspection No signs of weld degradation.

QL C-3 component inspections are listed in Table A5-6. QL C-3 activities are not
considered important to safety.
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Table A5-6. Quality Level C-3 Component Inspections.

Component inspection Acceptance requirements

N-55 overpack gasket visual Replace if signs of aging, cracking, hardening, or
inspection stretching are present.

Tledown straps visual inspection Replace if signs of fraying or breakng are present.

Safesend* visual inspection Replace if there are signs the container will not close
properly; the absorbent shows discoloration, indicating a
spill inside the container; or the container is excessively
damaged. The Safesend is not limited to eight uses
when used with the Srsmple Pig Transport System.

Sample Pig or Steel Pig visual Replace if excessive weld degradation or closure latch

inspection degradation is present.

*Safesendisatrademarkof the3MCorporation.

5.2.3 Documentation

All inspections shall be documented in procedures and/or inspection checklists and the
document periodically reviewed by QPJQC. The documentation shall be maintained for the life
of the package or five years, whichever is longer.
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6.0 OPERATING PROCEDURES

6.1 GENERAL REQUIREMENTS

The following are recommended guidelines for the use of the packaging. Prior to use,
specific operating procedures shall be written by the user and approved by Packaging
Engineering. Items or activities labeled as QL A-3 and B-3 shall be considered “Important to
Safety” and shall be followed as written in this SARP. Modifications of QL A-3 and B-3 steps
will require an engineering change notice and unresolved safety question (USQ) screening. Prior
to loading, the shipper shall verify that the source term to be shipped does not exceed the worst-
case source term shown in Part A, Section 3.0. If the source term is expected to exceed these
values, the organization responsible for thk SARP must be contacted to evaluate the source term
with respect to the requirements shown in this SARP (particularly dose rate and gas generation
parameters).

6.2 LOADING THE PACKAGE

1. Verify that the packaging is in unimpaired physical condition before each use. No
obvious breaches (e.g., broken welds, punctures, lid distortions) shall be present.
(QL B-3)

2. Place samples inside a Sample Pig (a 0.125 L sample), a Steel Pig (0.5 L or smaller
sample), or a Safesend (0.5 or 1 L sample). Remove a packaging label from the side
of the Safesend, if present. LDUA Samplers are placed in a plastic bag and the bag
is sealed (twisted and taped closure &orsetail]). (QL C-3)

NOTE: The Safesend is not limited to 8 uses when used with the Sample Pig

Transport System. However, if all the labels are removed, the Safesend
cannot be used with the Hedgehog system for offsite transport.

3. Close the appropriate sample carrier as follows. (QL C-3)

a. Position the lid of the Sample Pig in place, and install the locking safety pin.

b. Position the Steel Pig lid on the studs, and install the lock washers and nuts

c. Install the Safesend lid, and tighten until the lock engages.

d. Place the bagged LDUA Sampler in a metal can and close the lid. The can
may be a slip lid, food pack, or paint can, but not a rolled seam can. Rolled
seam cans are impervious to gas which may be generated by the sample.

4. Lower the sample container into the Sample Pig Shipping Container cavity.
(QL C-3)
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10.

11.

12.

13.

14.

15.

16.

17.
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If desired for liquid samples, place inert absorbent material, capable of absorbing
twice the amount of material being shipped, around the sample container. (QL C-3)

NOTE: The ~afesend already includes absorbent in its packaging structure.

Wipe the O-rings, flange grooves, and mating surfaces of the Sample Pig Shipping

Container with a lint-free cloth. (QL A-3)

Lubricate the O-rings with Apiezon3 Type N lubricant. The lubricating material
should be applied sparingly. Install the O-rings. (QL B-3)

Place the lid of the Sample Pig Shipping Container onto the O-ring flange, being
careful not to scratch the mating surfaces of the flanges with the guide pins or to
nick the O-rings. (QL A-3)

Place the hex head nuts in position on the Sample Pig Shipping Container and

tighten to 20 t 5 ft.lb. (QL A-3) A tamper-indicating seal maybe placed on the
Sample Pig Shipping Container if desired. (QL C-3)

Position the bottom section of the inner spacer inside the 208 L (55-gal) drum.
(QL C-3)

If the 208 L (55-gal) drum is not already in the N-55 overpack, place it inside the
bottom half of the overpack. (QL C-3)

Using a hoist, lower the sealed Sample Pig Shipping Container into the 208 L
(55-gal) drum. (QL C-3)

Position the top section of the inner spacer over the Sample Pig Shipping Container.
(QL C-3)

Place the 208 L (55-gal) drum lid, including a gasket, and the lock ring and bolt on
the drum. (QL B-3)

Torque the lock ring and bolt to 40 ft.lb + 5 &lb while hammer tapping the lock ring
with a robber or leather mallet to ensure an adequate seal. (QL B-3)

Position the top half of the N-55 overpack on the bottom half. (QL C-3)

Secure the totr half of the N-55 overuack to the bottom half by fastening the four
toggle ckunp~ (barrel pins). Thk shill be done by adjusting the “T” baron the
clamps such that the clamps may be closed with minimum force. Reopen the
clamps and rotate the”~ bar on all four clamps two foil 3600 turns clockwise.
Then close the clamps. (QL C-3)

2Apiezmis atrademarkof Biddleinstruments.
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18.

19.

20.

21.

Verify that radiation dose rates do not exceed the following limits: 10 mSv/h
(1,000 mremlh) on the exterior surface of the N-55 overpack, 2 mSv/h (200 mredh)
at a vertical plane projected from the vehicle edge, 0.1 mSv/h (1Omremlh) at 2 m
(7 ft) from the vehicle edge, and 0.02 mSv/h (2 mredh) at any normally occupied
space (driver location), unless the worker is a qualified Hanford Site radiological
worker in which case the limits is 0.05 mSv/h (5 mremlh). If these dose rates are
exceeded in practice, supplemental shielding shall be installed to reduce the dose
rate to the driver to below acceptable limits. ALARA practices or supplemental

shielding will be required to limit exposure to the public and workers at the edge of
the vehicle and at 2 m from the vehicle.

NOTE: As shown in Part B, Section 5.0, the maximum dose rates to the driver
may be exceeded for several of the worst-case source configurations.
These are the 0.125 L sample in the Sample Pig (nonradiological
worker only), the LDUA Sampler, and the 0.5 L and 1 L samples in the
Safesend. The dose rate limits at the edge of the vehicle and at 2 m
may be exceeded for the worst-case 0.5 L and 1 L samples in the
Safesend.

Removable contamination on external surfaces of the Sample Pig Transport System
shall not exceed Table A4-I values. (QL A-3)

Install a tamper-indicating seal on the N-55 overpack if a seal was not placed on the
Sample Pig Shipping Container in step 9. (QL C-3)

If it is not already in place, attach the lifdng and tiedown yoke to the top of the N-55
overpack and place the package on the transporter. Carefully tension the straps
between the yoke and the transporter frame to ensure even tension on all four straps.
(QL B-3)

NOTE: Ensure that the time restrictions in Part A, Section 4.3.3, are followed.

6.3 UNLOADING PACKAGE

1. Survey the N-55 overpack prior to opening to ensure removable contamination on
external surfaces of the N-55 overpack does not exceed Table A4-1 limits.
(QL A-3)

2. Verifi the integrity of the tamper-indicating seal on the N-55 overpack. (QL B-3)

3. Remove the tiedowns and unlock the toggle clamps on the N-55 overpack.
(QL C-3)

4. Remove top half of the N-55 overpack. (QL C-3)
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5. Remove the 208 L (55-gal) drum lid and the top imer spacer. (QL C-3)

6. Survey the 208 L (55-gal) drum lid and top inner spacer prior to removing the
Sample Pig Shipping Container to ensure a contamination spread will not
occur while removing the shipping container. (QL A-3)

7. Remove the Sample Pig Shipping Container from the drum using a hoist. (QL A-3)

NOTE: The Sample Pig Shipping Container and Sample Pig shall be removed
from the overpack intact.

8. Survey the Sample Pig Shipping Container to ensure removable contamination on
external surfaces of the Sample Pig Shipping Container does not exceed Table A4-1
limits. (QL A-3)

9. Carefully open the Sample Pig Shipping Container, and remove the sample carrier.
The remainder of the unpackaging steps will be addressed in appropriate operational
procedures. (QL C-3)

CAUTION: THE SAMPLE PIG SHIPPING CONTAINER MAY BE
PRESSURIZED DUE TO HYDROGEN GAS BUILDUP.

6.4 EMPTY PACKAGE (PACKAGING

Empty packages shall be prepared for transport per 49 CFR 173.428 (1995 version) under
the conditions that the smearable internal contamination levels and the smearable external
contaminations levels are acceptable per 49 CFR 173.443 (see Table A4- 1). Otherwise, the
package shall be reassembled and transported per Part A, Sections 6.2 and 6.3.
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7.0 QA REQUIREMENTS

7.1 INTRODUCTION

This section describes the QA requirements for the procurement, fabrication, operation,
and maintenance of the Sample Pig Transport System. The design and fabrication of the N-55
overpack was performed by NuPac following their 10 CFR 71, Subpart H, certification and those
guidelines similar to those detailed below. The Sample Pig Transport System components
fabricated by the Westinghouse Hanford Company (WHC) were programmatically controlled by
WHC-CM-4-2, Quality Assurance Manual. The format and requirements for procurement and
use of new packaging or components, including fabrication, operation, and maintenance, are
controlled by HNF-MP-599, Project Hanford Quality Assurance Program Description, and
HNF-PRO-1 54.

7.2 GENERAL REQUIREMENTS

These requirements apply to activities, such as packaging, fabrication, repair, operation,

and maintenance, that could affect the quality of the Sample Pig Transport System and
associated hardware. The overall Sample Pig Transport System is classified per the
HNF-PRO-154 as a THI 3. The THI-3 evaluation of this payload is detailed in the OTC SARP,
WHC-SD-TP-SARP-O02, Rev. l-C. Note that although the volume allowed in the Sample Pig
exceeds that of the OTC, 1 L versus 0.5 L, the evaluation demonstrates that well over 1 L of the
source material is within the THI-3 limits. Therefore, the analysis in WHC-SD-TP-SARP-O02,
Rev. 1-C, bounds the source in the Sample Pig.

THI 3 packaging systems definedinHNF-PRO-154 represent the third highest level of
hazard for the contents. A packaging system assigned this level must be capable of mitigating a
release less than O.5 rem and greater than O.01 rem beyond the Hanford Site boundaries from
either a normal or accident condition of transport.

Each THI contains a QL designator consisting of two parts, an alphanumeric designator
with a numerical designator. The alphanumeric designator assigns the fabrication, testing, use,
maintenance standards, and quality requirements for each item, component, or activity of the
packaging system. The numeric designator following the letter is the THI number of the
packaging system. The following are definitions and requirements for each Sample Pig
Transport System item, component, or activity.

Quality Level A-3: Critical impact on safety and associated fictional requirements:
items or components whose failure or malfunction could directly result in an unacceptable
condhion of containment or confinement, shielding, or nuclear criticality.

This QL refers to the Sample Pig Shipping Container containment boundary and shielding.
The requirements for fabrication, operations, and maintenance shall comply with the
requirements of the following: AWS, international or national standards, or WHC
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operational and maintenance requirements with minimum fabrication leak test
requirements of 104 atm cc/s, air.

Material required to be on hand for fabrication are ASTM or military specification
materials with certificates of conformance from the Sellers.

Any procurement of items shall be fi’om a supplier with an approved QA program in
accordance with, or equivalent to, appropriate Basic Requirements and Supplements of
ASME NQA-1. QA procurement clauses shall be imposed, as applicable, to ensure
product quality. Specific requirements are to be developed by the Packaging QA engineer
and the Packaging Engineering cognizant engineer.

Quality Level B-3: Major impact on safety and associated functional requirements: items
or components whose failure or malfunction could indirectly result in an unacceptable
condition of containment or confinement, shielding, or nuclear criticality. An unsafe
condition could result only if the failure of thk item or subsystem occurred in conjunction
with the failure of other items or subsystem in A-3 or this level.

This QL refers to the N-55 overpack 208 L (55-gal) drum closure and lifting fixtures. The
requirements for fabrication, operation, and maintenance shall comply with the
requirements of the following: American Institute of Steel Construction (AISC), AWS,
international or national standards, or WHC operational and maintenance requirements
with fabrication leakage rate requirements of 10-’ atm cc/s, air.

Materials for fabrication require only the Seller’s certificate of compliance.

Quality Level C-3: Minor impact on safety and associated fictional requirements:
items or components whose failure or malfunction would not reduce packaging
effectiveness and would not result in an unacceptable condition of containment or
confinement, shieldlng, or nuclear criticality, regardless of other failure in A-3, B-3, or thk
level.

This QL refers to the N-55 overpack gasket, tiedown system, Safesend, Sample Pig, Steel
Pig, LDUA Sampler, and all content containers. The requirements for fabrication,
operation, and maintenance shall comply with the following: AISC, AWS, international or
national standards, Project Hanford Management System, or Seller’s prepared
requirements media.

Each cognizant engineer involved with procurement, fabrication, use, or maintenance of
the Sample Pig Transport System components 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 these QA requirements. Quality requirements for
tasks are determined and documented in the plans and procedures used by the involved
organizations.
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Documentation and review requirements are based upon the QL of each component or
activity. Changes ordiscoveries ofnoncompIimce forall QLA-3and B-3 components and
activities shall be reviewed by the USQ screening process to ensure the quality and safety of the
change or discovery. Chmgesto the SAWsafety bases (contents, shielding, structure,
containment, criticality) will require USQ screening regardless of QL.

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.

Packaging Engineering and Operations Engineering are responsible for the quality of the
work performed by their respective organizations and for performing the following activities:

● Follow current requirements of this SARP, HNF-PRO-1 54, and HNF-MP-599

● Provide instructions for implementing QA requirements.

The Director, QA, is responsible for establishing and administering the Project Hanford
Management Contract QA program as stated in HNF-MP-599.

7.4 QA ACTIVITIES

7.4.1 Design Control

All engineering change notices (ECNS) to the packaging shall be approved by Packaging
Engineering.

7.4.2 Procurement and Fabrication Control

Procurement and fabrication of Sample Pig Transport System components shall be
documented and controlled based on the QL of the component (see Table A7- 1). Requirements
of HNF-MP-599 shall be followed as required by the QL and Packaging QA engineer.
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Table A7-1. Procurement and Fabrication Quality Levels.

Component Quality level

N-55 overpack B-3

208 L (55-gal) drum B-3

Sample Pig Shipping Container A-3

Sample Pig Shipping Container gasket A-3

Lifting attachments B-3

Overpack gasket c-3

208 L (55-gal) drum gasket B-3

Sample Pig, Light-Duty Utility Arm Sampler, or Steel Pig c-3

Content containers c-3

Tiedown attachments c-3

Safesend* c-3

*Safesendisa trademarkof the3MCorporation.

7.4.3 Control of Operation/Processes

Processes affecting the quality of package items or services shall be controlled by
instructions, procedures,-draw;ngs, checklists, or other appropriate means. These means shall
ensure that process parameters are controlled with defined limits and that specified
environmental conditions are maintained. Methods for defining how process controls will be

applied are defined in HNF-MP-599.

7.4.4 Control of Inspection and Testing

Fabrication and acceptance inspections shall be performed to the following guidelines.

7.4.4.1 Inspection Personnel. Inspection for acceptance of items fabricated onsite shall be
performed by QC personnel from Operations. Items fabricated by offsite suppliers will be
inspected by QC persomel from Acquisitions Verification Services.

7.4.4.2 In-Process Inspection. Fabrication and acceptance inspections, detailed in Part A,
Section 5.0, are performed by QC personnel from operations.
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7.4.5 Control of Operations and Maintenance

Loading/unloading procedures shall be written by the user with appropriate reference to
thk SARP and will be used to ensure adequate loading, operation, and maintenance of
packaging. The loadinghrnloading procedure identities actions required by loading personnel to

safely and properly load the Sample Pig Transport System per thk SARP. The
loadingkmloading procedures shall also identify which steps, as defined in this SARP (Part A,
Section 6.0), are important to safety.

Quality Assurance verification shall be included for each QL A-3 and B-3 maintenance
activity as described in Part A, Sections 8.2, regardless of assigned QL.

7.4.6 Test Control

These requirements apply to activities associated with the testing of the Sample Pig
Transport System and associated hardware involving QL A-3 or designated B-3 items. Testing
shall be performed and documented per HNF-MP-599.

Tests required to verifj conformance of package components to this SARP’S requirements
and to demonstrate satisfactory performance for service shall be planned, performed, and
documented. Characteristics to be tested and test methods to be employed shall be specified.
Test results shall be documented, and their conformance with acceptance criteria shall be
evaluated.

7.4.7 Control of Measuring and Test Equipment

The requirements for measuring and test equipment, contained in HNF-MP-599 and
HNF-PRO-490, Cont?ol of Measuring and Test Equipment and Nondata Test Equipment, apply
to all equipment used to determine acceptability of Sample Pig Transport System items,
components, or activities, regardless of the assigned QL.

7.4.8 Control of Nonconforming Items

Identification, documentation, evaluation, and disposition of nonconforming items and
activities shall be accomplished per HNF-MP-599 and HNF-PRO-298, Nonconforming Item
Reporting and Control, regardless of the assigned QL.

Items procured or fabricated for the Sample Pig Transport System or use in the package
shall be QC inspected by Acquisitions Verification Services prior to use for compliance with the
purchase order, specification, end/or fabrication drawing. The cognizant engineer, with QA
concurrence, shall define the acceptance criteria.
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7.4.9 Corrective Action

Nonconformance or conditions adverse to quality are evaluated as described in Part A,
Section 7.4.8, and the need for corrective action is determined in accordance with HNF-MP-599
and HNF-PRO-052, Corrective Action Management.

7.4.10 QA Records and Document Control

Records that furnish documentary evidence of quality shall be specified, prepared, and
maintained per HNF-MP-599 and HNF-PRO-222, Quali@ Assurance Records. All documents
used to perform and/or verifi items activities are controlled. Controlled documents include (but
are not limited to) the following: drawings, specifications, purchase orders, plans and procedures
to inspect and test, Project Hanford Management Contract reports, quality verification reports,
nonconformance reports, corrective action reports, the SARP, and operational and maintenance
procedures.

7.4.11 Audits

The internal and external audit process is guided by and shall be in accordance with
HNF-MP-599.

7.5 SARP CONTROL SYSTEM

This SARP is a copy controlled supporting document to enswe that only up-to-date

approved versions are used for transport. 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 tile with the organization responsible for thk SARP, currently the Engineering group
of Waste Management Federal Services, Inc., Northwest Operations.
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8.0 MAINTENANCE

8.1 GENERAL REQUIREMENTS

A maintenance program shall be followed to ensure the integrity of the N-55 overpacks,
208 L (55-gal), and Sample Pig Shipping Containers. Gaskets, toggle clamps, and other
components necessary for the safe and easy operation of the packaging shall be given regular
inspection and be repaired or replaced as necessary.

8.2 INSPECTION AND VERIFICATION SCHEDULES

Maintenance frequency and acceptance requirements are based upon the THI and the QL
of the comuonent or activity. QL A-3 and B-3 components or activities are considered important
to safety. Should the main~en~ce not be performed for QL A-3 and/or B-3 components, proper
safety and QA review, and documentation are required.

Maintenance required for QL A-3 components is listed in Table AS-1.

Table AS- 1. Quality Level A-3 Maintenance Requirements.

Component/activity Frequency Acceptance requirements

Sample Pig Shipping Container leak Annually ANSI N14.5 (ANSI 1987) 1 x 10-7atm CCIS
test

Sample Pig Shipping Container O-ring I Annually N/A
replacement

Sample Pig Shipping Container O-ring
seating surface visual inspection

Sample Pig Shipping Container closure
bolts replacement L

Annually No scratches or damage that would affect

Replace If signs of degradation are present
and check for headmarks matching those
listed in U.S. Department of Enersw

I Bulletin No. DO~/EH-0266 (DO~1992).

Sample Pig Shipping Container visual
inspection

Annually Exterior structural welds do not have visible
cracks. Exterior not damaged in area of
closure bolts or gasket such that containment
would be jeopardized. Exterior has no flaws,
punctures, or dents in excess of 0.635 cm
(1/4 in.)

I I

ANSI= American National Standards Institute.

ANSI,1987,AmericanNational Standardfor RadioactiveMaterials- Leakage Tests on Packagesfor Shipment,
ANSIN14.5AmericanNationalStandardsInstitute,Inc.,NewYork,NewYork.

DOE, 1992,DOE QuaIi@Ah+, Bulletin DOE/EH-0266, IssueNo.92-4, U.S.Departmentof Energy,Washington,
D.C.
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Maintenance required for QL B-3 components is found in Table AS-2.

Table AS-2. Quality Level B-3 Maintenance Requirements.

Component activity Frequency Acceptance requirements

208 L (55-gal) drum gasket Annually Size and material as specified by

replacement the drum manufacturer.

N-55 overpack gasket replacement I Annually Neoprene gasket material 0.635 cm
(’A in.) to 1.27 cm (’/2 in.) thick.

Maintenance required for QL C-3 components is listed in Table AS-3.

Table AS-3. Quality Level C-3 Maintenance Requirements.

~Tiedown straps visual inspection

+

Sample Pig, Light-Duty Utility Arm
Sampler, or Steel Pig visual inspection

=

functional mspectlon lubricate and

Frequency Acceptance requirements

Annually Replace if frayed or worn.

*Safesendisa trademarkof the3MCorporation.

8.3 DOCUMENTATION

Every Replace if signs of significant
2 years degradation in container.

Annually Replace if signs of significant
degradation in container (eight use
requirement does not apply).

Annually Replace if clamps are bent or
damaged to the extent that proper
latching would be impaired.

Maintenance from Part A, Section 8.2 shall be documented in procedures and/or inspection
checklists and verified by QA/QC. Records of inspection and maintenance for the Sample Pig
Transport System shall be retained for the life of the packaging system or five years, whichever
is longer.
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10.0 APPENDIX

10.1 DRAWINGS
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PARTB: PACKAGE EVALUATION

1.0 INTRODUCTION

1.1 SAFETY EVALUATION METHODOLOGY

The safety of the Sample Pig Transport System has been shown, by drop testing and
analysis, tomeetthe intent of Title 10 Code o~Federal ReWlations Pati71 (10 CFR71), Type B
packaging regulations.

1.2 EVALUATION SUMMARY AND CONCLUSIONS

This evaluation compares the packaging’s structural, thermal, containment, shielding, and
criticality design features withtie perfommce criteria found infie 10 CFR71 Type B
packaging requirements. Thecriteria fordesign acceptice ofalOCFR 71Type Bpackaging
are met for the Sample Pig Transport System containing either liquid or solid contents.

1.2.1 Contents

The allowable contents of the Sample Pig Transport System are shown in Part B,
Section 2.0. Four different payload configurations are authorized as detailed in Part A,
Sections 2.0 and 3.0. These configurations are the Light-Duty Utility Arm (LDUA) Sampler, a
0.068 ml sampler conservatively modeled as a 0.125 L sample; the 0.125 L sample in the lead-
shielded Sam le Pig; samples up to 0.5 L in the steel-shielded Steel Pig; and samples up to 1 L in

i’
the Safesend. However, due to the lack of shielding in the Safesend, these samples can only be
transported with reduced concentrations of strong gamma- and beta-emitting radionuclides Note,
sample sizes smaller that those evaluated may be transported in each configuration without
f~her evaluation. Thk is provided the same controls are used for the smaller samples.

1.2.2 Radiological Rkk

A radiological risk evaluation (Part B, Section 3.0) is not performed for the Sample Pig
Transport System because it has been demonstrated to meet the performance requirements of
U.S. Department of Transportation (DOT)/ U.S. Nuclear Regulatory Commission (NRC) for
Type B packaging.

‘Safesendisa trademarkof the3MCorporation.
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1.2.3 Containment

Containment is provided by the Sample Pig Shipping Container. Addhional containment
is provided by the 55-gallon (1UN 1A2) drum and the N-55 overpack. The containment
boundary meets the requirements of American National Standards Institute (ANSI) N14.5
(ANSI 1987) with a leakage rate of less than or equal to 1 x 10-7std cm3.

Containment (Part B, Section 4.0) is maintained throughout normal conditions of
transport and hypothetical accident conditions as demonstrated by testing and analysis.

1.2.4 Shielding

Shielding is provided by the stainless steel (SS) Sample Pig Shipping Container.
Additional shielding is provided by the lead in the Sample Pig, a 1 cm lead sheet in the can used
with the LDUA Sampler, or the SS in the Steel Pig, depending on the shipping configuration.
However, note that the Safesend has no shielding and cannot be used to transport the full worst-
case source concentration of strong gamma and beta emitters in 0.5 L and 1 L volumes.

1.2.5 Criticality

A criticality evaluation (Part B, Section 6.0) is not required for the Sample Pig Transport
System since the contents are limited to fissile excepted quantities.

1.2.6 Structural

It was determined through testing and analysis (Part B, Section 7.0) that the Sample Pig
Transport System meets 10CFR71 Normal Conditions of Transport and Hypotheticrd Accident
Conditions design criteria.

The drop testing performed (WHC 1995) demonstrates minor damage will occur from a
9 m (30 ft) or 1.2 m (4 fi) drop. A conservative evaluation determined that the Sample Pig
Transport System could observe a maximum of 188g’s during a side drop. This was determined
based on the crush of the N-55 overpack from that scenario. The containment of the Sample Pig
Shipping Container is not compromised due to this maximum g-loading as shown by analysis
and leak testing after the drop testing (Part B, Section 7.0). In addition, the increase in dose rate
on the surface of the N-55 does not exceed the accident dose rate limit (Part B, Section 5.0).

1.2.7 Thermal

The heat generation rates are 0.626 W for the 0.125 L sample in the Sample Pig or
sampler, 0.25 W for the 0.5 L sample in the Steel Pig, and 0.116 W and 0.121 W for the 0.5 L
and 1 L samples in the Safesend. This low thermal generation rate from the payload does not

B1-2
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impose any significant heat into the thermal calculations. The calculations performed assumed a
worst-case 3 W payload and demonstrates both during normal and accident conditions the
Sample Pig Transport System is not adversely affected.

1.2.8 Gas Generation

A gas generation study is provided in Part B, Section 9.0. The gas generation rates result
in hold times (the maximum time the Sample Pig Shipping Container or Safesend can remain
sealed) shown in Table B 1-1 below. The shipping windows shown assume that any plastic bags
containing the samples are closed with a twist-and-tape method (horsetail) unless a vent is
provided.

Table B1-1. Shipping Windows.

0,125L 0,125L
Sample configuration

0.5 L 0.5 L IL
SamplePig Light-Duty Steel Pig Safesend* Safesend

Utility Ann

Void volume(cc) 4972 7409 3709 1903 1400

Total hydrogengeneration rate (ccih) 0.128 0.128 0.516 0.327 0.494

Shippingwindow(hours [days]) 485 (20.5) 723 (30.1) 89 (3,7) 72 (3) 35 (1.46)

*Safesendisa trademarkof the3M Corporation.

1.2.9 Tiedown System

The tiedown system when evaluated against the current 0.5g to working load limit meets
the requirements of 49 CFR 393 with positive margins of safety. There are no tiedown devices
that are a structural part of the package. Therefore, 49 CFR 173 tiedown requirements are not
required to be met.

1.3 REFERENCES

10CFR71, “Packaging and Transportation of Radioactive Material,” Code ofFederal
Regzdutions, as amended.

49 CFR 173, “Transportation,” Code of Federal Regulations, as amended.

49 CFR 393, “Parts and Accessories for Safe Operation,” Code ofFederal Regulations, as
amended.

ANSI, 1987, American National Standard for Radioactive Materials - Leakage Tests on
Packages for Shipment, ANSI N14.5, American National Standards Institute, New York,
New York.
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NRC, 1987, Cert@cate of Compliance for the NuPac Model N-55 Overpack, COC Number
9070, Docket Number 71-9070, U.S. Nuclear Regulatory Commission, Washington, D.C.

WHC, 1995, Pig Shipping Container Test Report, WHC-SD-TP-TR-O02, Westinghouse Hanford

Company, Richlaud, Washington.

B1-4



HNF-SD-TP-SARP-OO1. Rev. 2

2.0 CONTENTS EVALUATION

2.1 CHARACTERIZATION

The Sample Pig Transport System is used to transport liquid or solid tank waste that has
not been fully characterized. The samples may be shipped in volumes of 0.125 L, 0.5 L, and 1 L.
A bounding source term has been developed to minimize the need for reevaluation of the source
term when additional tank waste characterization data become available in the future. The
following discusses the procedure used to establish the bounding source term.

Table B2- 1 shows the highest activity inventory for each radionuclide using the data in
Tables B2.7-1 through B2.7-3 for a 0.125 L sample volume. Three data sources were evaluated
to establish bounding radionuclide activities for transport in the Sample Pig Transport System.
WHC-SD-WM-SARR-016, Rev. 2 (WHC 1996), contains worst-case radionuclide activity

concentrations for solid and liquid tank waste, which were developed using all of the tank waste
characterization data available at the time. Table B2.7- 1 in Part B, Section 2.7, lists the worst-
case activity concentrations from WHC (1996) and the radioactive inventory in a 0.125 L sample
using the highest activity concentrations from either the solid or liquid tank waste. The second
source of data was the Best-Basis Inventory for Tank AZ-102 contained in
WHC-SD-WM-ER-411 (WHC 1997). Table B2.7-2 in Part B, Section 2.7, lists the best basis
source term for 0.125 L of AZ-102 waste using the characterization data from Appendix E of
WHC (1997). The third source of data was the Best-Basis Inventory for Tank AX-104 contained
in HNF-SD-WM-ER-675 (Larnbert and Hendrickson 1997). Table B2.7-3 in Part B, Section 2.7,
lists the best basis source term for 0.125 L of AX- 104 waste using the characterization data from
Appendix D of Lambert and Hendrickson (1997). Note that all three sources of data are valid for
the year 1994.

Table B2- 1 also contains the inventory afier decaying the highest activity inventory for
4 years from 1994 to 1998 using the ORIGEN-S (WMNW 1998) computer code. The ORIGEN-
S input file is attached at Part B, Section 2.7.2. The worst-case inventory decayed 4 years (see
Table B2-I ) was then used to determine the maximum dose rate on the surface of the Sample Pig
Transport System for each packaging configuration. This bounding inventory is used for all the
analyses in this safety analysis report for packaging (SARP). Note that isotopes with activities
below 1 x 10-9Ci are not reported.

The following summarizes the assumptions made in the development of the worst-case
source term.

1. The density of the sludge is 1.49 g/cm3 (Table 4-2,WHC[1997]).

2. The AZ-102 sludge volume is assumed to be 329,000 L (Appendix E,
WHC [1997]). Approximately 12% of the ‘37CSis entrained in the AZ-102 sludge

(Table 4-2, WHC [1997]). All other radionuclides are entrained in the sludge.
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Table B2-1. Worst-Case Inventories for 0.125 L of Tank Waste. (2 sheets total)

0.125Lof
0.125L of
AZ- 102

0.125Lof 0.125Lof
Source of

0.125L
Isotope worst-case AX-104 maximum decayed

B1O(Ci)
waste
(Ci)

waste (Ci)
~ci)* maximum

4 years (Ci)

‘H 5.58 E-03 1.60E-05 5.58E-03 AZ-102 4.46E-03

“c 7.78 E-07 3.15 E-07 2.98 E-06 2,98E-06 AX-104 2.98E-06
5~i 4.10 E-06 1.47E-05 1.47E-05 AX-104 1.47E-05

‘Co 1.64E-03 1.30E-03 1,64E-03 1.64E-03 BIO 9.69E-04

63Ni 4.75 E-04 1.48 E-03 1.48E-03 AX-104 1.44E-03

79Se 5.75 E-08 8.68 E-06 1.39 E-05 1.39E-05 AX-104 1.39E-05
90~r 9.73 E+OO 1.41 E+OO 7.45 E+OO 9.73E+O0 BIO
90y

8.82E+o0

9.73 E+OO 1.41 E+oO 7.45 E+OO 9.73 E+OO BIO 8.82 E+OO

93Zr 4,23 E-05 6.43 E-05 6.43 E-05 AX-104 6.43 E-05

93mNb 1.65 E-05 4.80 E-05 4,80 E-05 AX-104 5.06 E-05
99TC 4,05 E-02 2.28 E-04 2.11 E-05 4.05 E-02 BIO 4.05 E-02

‘ffiRu 2.44 E-07 2.90 E-02 4.73 E-08 2,90 E-02 AZ-102 1.90 &03
106fi 1.90 E-03

“3mCd 4.63E -04 2.75 E-04 4.63 E-04 AZ-102 3.80 E-04

‘2’Sb 6.11 E-04 3.53 E-02 1.34 E-03 3.53 E-02 AZ- 102 1.28 E-02

‘25mTe 3.12 E*O3
126Qn 1 ?5 F-OS 2.18 E-05 2.18 E-05 AX-104 2.18 E-05

‘2’Sb 3.05 E-06

“’mSb 2,18 E-05
129I 2.16 E-05 5.78 E-07 4.05 E-08 2.16 E-05 BIO 2.16 F705
134c~ 3.19 E-05 1.57 E-02 9.78 E-07 1.57 E-02 AZ-102 4.09 E-03

‘37CS 3.41 E-01 1,97 E-01 1,54 E-01 3.41 E-01 BIO 3.11 E-01

‘37mBa 3.23 E-01 1.8613-01 1.45 E-O] 3.23 E-01 BIO 2.94 E-01

‘44Ce 1.14 E-09 1.14 E-09 BIO

‘“Pm 1.22 E-04 1.22 E-04 B1O 4.24 E-05

‘5’Sm 3.05 E-02 5.20 E-02 5.20 E-02 AX-104 5.04 E-02

‘52Eu 5.40 E-05 1.59 E-05 5.40 E-05 AZ-102 4.39 E-05
154EU 3.75 E-02 8.78 E-03 8.83 E-03 3.75 E-02 BIO 2.72 E-02

‘55Eu 1.98 E-04 2.55 E-02 8.43 E-03 2,55 E-02 AZ-102 1.41 E-02

22bRa 3.23 E-n 9.25 E-10 9.25 E-10 AX-104
227AC 1.82 E-10 1.82 E-10 AZ-102

228Ra 2.65 E-15 8.35 E-15 8.35 E-15 AX-104
229Th 2.58 E-13 1.31 E-12 1.31 E-12 AX- 104

23’Pa 6.85 E-IO 1.13 E-08 1.13 E-08 AX-104 1,13 E-08

23’Th 3.35 E-08
23~h 3.58 E-15 7.55 E-16 3.58 E-15 AZ-102
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Table B2-1. Worst-Case Inventories for 0.125 L of Tank Waste. (2 sheets total)

I 1

234T~

=

233pa

23’’”’Pa
232u 2.78 E-10
233u 1.37 E-10
234u 8.50 E-07
235u 3.35 E-08
236u 7.00 E-08
237,,.
238u 5.83 E-07

237NP 3.35 E-03 4,45 E-06
23~p

238PU 6.32 E-04 6.88 E-05

239PU 5.30 E-03 4.75 E-04

240Pu 1.41 E-04

24’PU 1.29 E-02 6.50 E-03

2“2PU 1.29 E-08

24’Am 3.73 E-02 1.43 E-02

2’3Am 1.68 E-06

242Cm 6.72 E-10 4.25 E-06

0.125 L of 0.125Lof
AX-104 maximum

waste (Ci) (Ci)”

I

4.80 E-04 3.73 E-02

Source of
maximum

AZ-102

AZ-102

AZ-102

AZ-102

AZ-102

AZ-102

BIO

B1O

BIO

BIO

BIO

AZ-102

0.125 L
decayed

4 years (Ci)

5.83 E-07

3.35 E-03

5.83 E-07

6.16 E-08

8.57 E-07

3,35 E-08

7.00 E-OS

2.54 E-07

5.83 E-07

3.35 E-03

1,68 E-06

6.12 E-04

5.30 E-03

1.40 E-03

1.06 E-02

1.29 E-08

BIO

AZ-102

AZ-102

3.71 E-02

1.68 E-06

8.50 E-09

AZ-102

BIO

6.11 E-07

1.77 E-04

243Cm 6.73 E-07

244Cm 2.06 E-04 1.49 E-05

$Notethatisotopeswithactivitiesbelow1x 109 Ciarenotreported.
BIO = Basisfor InterimOperation(TankWasteRemediationSystem)(FDH1997).
FDH.1997.Tank WasteRemediationSvstemBasis fir lnlerim Ooerafion,HNF-SD-WM-BIO-001,Rev. O,

prepared by DE&S Hanford,Inc.,forFluorDani~Hanford,I;c., Richland,’Washington.
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3. Tank AX-104 contains a total of 26,500 L of waste (Appendix D, LMHC [1997]).
The activity of each radionuclide was assumed to be homogeneously d&ributed
throughout the total tank waste volume.

4. The sampler volume is 125 mL. The other volumes will be scaled from the 125
mL sample.

5. Beta particles originating in the source do not directly contribute to the dose rate
outside the containers because of the shielding provided. The bremsstrahhmg
radiation produced by beta particles decelerating in the source are accounted for
in the shieldlng evaluation, Part B, Section 5.0.

Table B2-2 contains the calculations used to determine the number of Azs in the Sample

Pig for 0.125 L of the worst-case inventory decayed 4 years. The radioactive inventory contains
12.18 A2S; therefore, the package contains Type B quantities of radioactive material (Part B,

Section 9.0). The payload is not a highway route controlled quantity since the total payload is
less than 27,000 Ci or 3,000 Azs (49 CFR 173.403). The total heat load for the radioactive
inventory is 0.0626 W for the 0.125 L sample.

Table B2-2. Ajs for 0.125 L of the Worst-Case Tank

Waste Decayed 4 Years. (2 sheets total)

Activity A2S Sum of

Isotope fractional
Bq Ci Ci Azs

?1 1,65 E+08 4.46 E-03 1.0S E+03 4,13 E-06

14C 1.07 E+05 2.89 E-06 5.41 E+ol 5.34 E-OS

‘?.?i 5.44 E+o5 1.47 E-OS 1.08 E+03 1.36 E-08

60~o 3.59 E+o7 9.69 E-04 1.08 E+OI 8.97 E-OS

63~ 5.33 E+o7 1.44 E-03 8.11 E+02 1.78 E-06

“Se 5.14 E+o5 1.39 E-05 5.41 E+ol 2.57 E-07

%r 3.29 E+11 8.82 E+OO 2,70 E+OO 3.49 E+OO

90Y* 3,29 E+ll 8.82 E+OO o 0

93zr 2.38 E+06 6.43 E-05 5.41 E+OO 1.19 E-OS

93mNb 1.87 E+06 5.06 E-OS 1.62 E+02 3,12 E-07

‘Tc 1,50 E+09 4,05 E-02 2,43 E+OI 1.67 E-03

,L%R” 7.03 E+07 1.90 E-03 5.41 E+OO 3.51 E-04

1~~~. 7.03 E+07 1.90 E-03 o 0

113mc~ 1.41 E+07 3.80 E-04 2,43 E+OO 1.56 E-04

125sb 4.74 E+08 1.28 E-02 2.43 E+OI 5.27 E-04

‘2smTe 1.15 E+08 3.12 E-03 2.43 E+02 1.28 E-05

‘“Sri 8.07 E+05 2.18 E-05 8.11 E+OO 2,69 E-06

‘2’Sb 1.13 E+05 3.05 E-06 1.08 E+OI 2.82 E-07

126n)s& 8.07 E+o5 2. IS E-05 o 0

129, 7.99 E+05 2.16 E-05 Unlimited o

B2-4



HNF-SD-TP-SARP-OO1, Rev. 2

Table B2-2. Azs for 0.125 L of the Worst-Case Tank
Waste Decayed 4 Years. (2 sheets total)

Activity A*s Sum of

Isotope fractional
Bq Ci c1 Ass

,34CS 1.51 E+08 4.09 E-03 1,35 E+OI 3.03 E-04

137c~ I. I5E+1O 3.11 E-01 1.35 E+ol 2,30 E-02

137mBa* I. O9E+1O 2.94 E-O I o 0

M7pm 1.57E+06 4.24 E-05 2.43 E+O1 I .74 E-06

ISlsm 1.86 E+09 5,04 E-02 1.08 E+02 4,67 E-04

152Eu 1.62 E+06 4.39 E-05 2.43 E+OI 1.81 E-06

154E” I,ol E+08 2,72 E-02 1.35 E+O1 2,01 E-03

M5Eu 5.22 E+08 1.41 E-02 5,41 E+OI 2.61 E-04

23,pa 4. IS E+02 1.13 E-OS 1.62 E-03 6.98 E-06

231~~* 1.24 E+03 3.35 E-OS o 0

233pa 1.24 E+08 3.35 E-03 2.43 E+OI 1.38 E-04

234pa* 2.80 E+OI 7.58 E-10 o 0

234mpa, 2.16 E+04 5.83 E-07 o 0

234Th 2.16 E+04 5.83 E-07 5.4 I E+OO 1,08 E-07

233” 2.28 E+03 6.16 E-OS 2.70 E-02 2.28 E-06

234” 3.17 E+04 8.57 E-07 2.70 E-02 3.17 E-05

235” 1.31 E+03 3.53 E-OS Unlimited o

236u 2.59 E+03 7.00 E-OS 2.70 E-02 2.59 E-06

237u 9.40 E+03 2.54 E-07 o 0

238u 2,16 E+04 5.83 E-07 Unlimited o

237NP 1.24 E+08 3.35 E-03 5.41 E-03 6,19 E-01

z%~p 6.22 E+04 I,68 E-06 o 0

238pu 2.26 E+07 6.12 E-04 5.41 E-03 1.13 E-01

239pu 1.96 E+08 5.30 E-03 5.41 E-03 9.80 E-01

240PU 5.18 E+07 1,40 E-03 5.4 I E-03 2,59 E-01

241Pu 3.92 E+o8 1.06 E-02 2.70 E-01 3.93 E-02

242PU 4,77 E+02 1,29 E-OS 5.41 E-03 2.38 E-06

24,Am 1.37 E+09 3.71 E-02 5.41 E-03 6.86 E+OO

243Am 6.22 E+o4 1.68 E-06 5.41 E-03 3. I I E-04

242cm 3,15 E+02 8.50 E-09 2.70 E-01 3.15 E-OS

243Cm 2.26 E+04 6. I I E-07 8.11 E-03 7.53 E-05

24”Cm 6.55 E+06 1.77 E-04 1.08 E-02 1.64 E-02

Total 6.83 E+l 1 1.85 E+OI Sum of Axs 12,18

*Daughter isotope, no AI value.
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The source term for each volume is shown in Table B2-3. The source terms for 0.5 L and
1 L sample volumes in the Safesend are limited as shown in Table B2-3 due to shielding
considerations (Part B, Section 5.0). The Steel Pig has sufficient shielding to accommodate the
full worst-case source term in a 0.5 L sample. Therefore, for the 0.5 L sample, all activities and
AZ fractions are four times those given in Table B2-2. The 0.5 L sample in the Steel Pig and the
0.5 L and 1 L volumes in the Safesend are also Type B and non-highway route controlled
quantities of material. The sum of factional Ajs for the 0.5 L sample in the Steel Pig is 48.72.
The sum of fractional AZ values for the 0.5 and 1 L samples in the Safesendis41.411 and
76.961, respectively.

Table B2-3. Source Terms for 0.125 L, 0.5 L, and 1 L Volumes of Tank
Waste in the Sample Pig Transport System. (2 sheets total)

0.125 L in Sample
Pig or LDUA

0.5 L in Steel Pig 0.5 L in Safesend 1 L in Safesend
Isotope decayed4 years

decayed4 years decayed4 years decayed4 years

(Ci)
(Ci) (Ci) (Ci)

% 4.46 E-03 1.78 E-02 1.78 E-02 3.57 E-02

“c 2.89 E-06 1.16 E-05 1.16 E-05 2.31 E-05
,~i 1.47 E-05 5.88 E-05 5.88 E-05 1.18 E-04

60c0b 9.69 E-04 3,88 E-03 1.74 E-03 1.71 E-03
63N i 1.44 E-03 5.76 E-03 5.76 E-03 1,15 E-02

“Se 1.39 E-05 5.56 E-05 5.56 E-05 1,11 E-04

90srb 8.82 E+OO 3.53 E+O1 1.59 E+O1 1.56 E+O1
90yb 8.82 E+OO 3.53 E+O1 1.59 E+OI 1.56 E+OI

93zr 6.43 E-05 2.57 E-04 2.57 E-04 5.14 E-04

93”’Nb 5.06 E-05 2.02 E-04 2,02 E-04 4.05 E-04

99Tc 4.05 E-02 1.62 E-01 1.62 E-01 3.24 E-01

‘“’Rub 1.90 E-03 7.60 E-03 3.41 E-03 3.37 E-03
106fib 1.90 E-03 7.60 E-03 3.41 E-03 3.37 E-03

“3mCd 3.80 E-04 1.52 E-03 1.52 E-03 3.04 E-03
125Sbb 1.28 E-02 5.12 E-02 2,30 E-02 2.27 E-02

“’mTe 3.12 E-03 1.25 E-02 1.25 E-02 2.50 E-02

‘2%n 2.18 E-05 8.72 E-05 8.72 E-05 1.74 E-04

‘2’Sb 3.05 E-06 1,22 E-05 1.22 E-05 2.44 E-05

“’mSb 2.18 E-05 8.72 E-05 8.72 E-05 1,74 E-04
129

I 2.16 E-05 8.64 E-05 8.64 E-05 1.73 E-04

“’csb 4.09 E-03 1.64 E-02 7.31 E-03 7.28 E-03

‘37csb 3.11 E-01 1.24 E+OO 5.56 E-01 5.53 E-01

‘3’mBab 2.94 E-01 1.18 E+O0 5.26 E-01 5.23 E-01

‘47Pm 4.24 E-05 1.70 E-04 1.70 E-04 3.39 E-04

‘5’Sm 5.04 E-02 2,02 E-01 2.02 E-01 4.03 E-O1
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Table B2-3. Source Terms for 0.125 L, 0.5 L, and 1 L Volmnes of Tank
Waste in the Sample Pig Transport System. (2 sheets total)

0.125 L in Sample
Pig or LDUA

0,5 L in Steel Pig 0,5 L in Safesend 1 Lin Safesend

Isotope decayed4 years
decayed4 years decayed4 years decayed4 years

(Ci)
(Ci) (Ci) (Ci)

‘52Eu 4,39 E-05 1.76 E-04 1.76 E-04 3.51 E-04
154E”b 2,72 E-02 1,09 E-01 4.87 E-02 4.84 E-02

‘SSEU 1.41 E-02 5.64 E-02 5.64 E-02 1.13 E.01

23’Pa 1.13 E-08 4.52 E-OS 4.52 E-08 9.04 E-OS
23 lT~ 3.35 E-08 1.34 E-07 1.34 E-07 2.68 E-07

233Pa 3.35 E-03 1.34 E-02 1.34 E-02 2.68 E-02

234mPa 5.83 E-07 2.33 E-06 2.33 E-06 4,66 E-06

234Th 5.83 E-07 2.33 E-06 2.33 E-06 4.66 E-06

233
u 6,16 E-08 2.46 E-07 2.46 E-07 4.93 E-07

234u 8.57 E-07 3.43 E-06 3.43 E-06 6.86 E-06

235u 3.35 E-08 1.34 E-07 1.34 E-07 2.68 E-07
236u 7.00 E-08 2.80 E-07 2.80 E-07 5.60 E-07
237u 2.54 E-07 1.02 E-06 1.02 E-06 2.03 E-06

238u 5.83 E-07 2.33 E-06 2.33 E-06 4.66 E-06
237NP 3.35 E-03 1.34 E-02 1.34 E-02 2.68 E-02

%p 1.68 E-06 6.72 E-06 6.72 E-06 1.34 E-05

238PU 6,12 E-04 2.45 E-03 2,45 E-03 4.90 E-03
239PU 5.30 E-03 2,12 E-02 2.12 E-02 4.24 E-02

240Pu 1.40 E-04 5.60 E-04 5.60 E-04 1,12 E-03

24’PU 1.06 E-02 4.24 E-02 4.24 E-02 8.48 E-02

242PU 1.29 E-08 5.16 E-08 5.16 E-08 1,03 E-07
241Am 3.7 I E-02 1.48 E-01 1,48 E-01 2.97 E-01

243Am 1.68 E-06 6.72 E-06 6.72 E-06 1.34 E-05

2’2Cm 8.50 E-09 3.40 E-08 3.40 E-08 6,80 E-08

243Cm 6.11 E-07 2.44 E-06 2.44 E-06 4,89 E-06

‘“Cm 1.77 E-04 7.08 E-04 7.08 E-04 1.42 E-03

‘Notethat isotoues with activities below 1 x 10”9CI are not reported.

bTheseisotopesortheirdaughterscontributesignificantlyto [hedoseonthesurfaceof the
Safesendpackage.
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2.2 FISSILE MATERIAL CONTENT

Table B2-4 contains the calculations to determine the tissile content of the 0.125 L
Sample Pig or LDUA configuration. The activities for the radionuclides identified as tissile in
49 CFR 173.403 (233U,235U,238pu,239Pu,and 24iPu) are included along with their specific

activities from 49 CFR 173.435.

The quantity (g) of each fissile radionuclide is listed in Table B2-4. These values were
calculated by dividing the maximum radionuclide activity (Ci) by its specific activity (Ci/g).
Table B2-4 shows that the total quantity of fissile material contained in the 0.125 L sample
volume is 0.1 g. Since the total quantity of fissile material is less than 15 g, the sample is fissile
excepted per 49 CFR 173.453(a), and no further analysis is required to address criticality
concerns.

Table B2-4. Sample Pig Transport System Fissile Material
Inventory for 0.125 L Sample Volume.

Activity Specific
Isotope

Quantity

Bq Ci
activity

Ci/g g

233u 2.28 E+03 6.16 E-08 9.70 E-03 6.35 E-06
235

u 1.24 E+03 3.35 E-OS 2.20 E-06 1.52 E-02

238PU 2.26 E+07 6.12 E-04 1.70 E+OI 3.60 E-05

239PU 1.96 E+08 5.30 E-03 6.20 E-02 8.55 E-02

24’PU 3.92 E+08 1.06 E-02 1.00 E+02 1.06 E-04

I Total I 1.01 E-01 I

The 0.5 L (both configurations) and 1 L sample source terms are 4 and 8 times the
activity of the 0.125 L sample, except for strong beta and gamma emitters as indicated in Table
B2-3 in the Safesend. Therefore, the fissile material quantities in the 0.5 L and 1 L sample
volumes are 0.4 g and 0.8 g, respectively, which are also fissile-excepted quantities.

2.3 RESTRICTIONS

The Sample Pig Transport System is limited to the source term shown in Table B2-3 for
sample volumes of 0.125 L (LDUA and Sample Pig), 0.5 L (Steel Pig and Safe send), and 1 L.
Note that the 0.5 L and 1 L sources in the Safesend are limited by shielding considerations.

The maximum dose rate on the surface of the N-55 overpack is 10 mSv/h (1 ,000
mrem/h). The radiation dose rate on the package surface may not be exceeded; otherwise, either
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the samples must be repackaged or additional evaluation will be required. The source term and
sample configurations shown in Table B2-3 will result in a dose rate that is at or below this limit.
The dose rate limit for the vehicle driver is 0.05 mSv/h (5 mrernlh) if the driver is a qualified
Hanford Site radiological worker. If the driver is not a qualified radiological worker, the
allowable dose rate is reduced to 0.02 mSvA (2 mrerulh). The radiation dose rate at the driver’s
position may not be exceeded; however, supplemental shielding maybe used, and repackaging is
not required. If the dose rate at the edge of the vehicle or at 2 m from the vehicle is exceeded, as
low as reasonably achievable (ALARA) practices will be used to limit the exposure to the public
and workers. This may include the use of supplemental shielding.

2.4 SIZE AND WEIGHT

The maximum weight of the Sample Pig Shipping Container contents (sample and
container) is 95 kg (209 lb).

2.5 CONCLUSIONS

The worst-case source term has been evaluated as a payload for the Sample Pig Transport
System. The results indicate that the worst-case source term may be transported in the 0.125 L
shielded Sample Pig or LDUA Sampler and the 0.5 L Steel Pig configurations. The 0.5 and 1 L
sample sizes may be shipped in the Safesend, but are limited to the radionuclide inventories
shown in Table B2-3. Supplemental shleldlng may be required to limit the dose rate to the driver
and at 2 m from the vehicle if the worst-case source term is transported. Due to gas generation
considerations, the maximum time a sample can be sealed is 723 hours in the LDUA, 485 hours
in the lead-shielded Sample Pig, 89 hours in the Steel Pig, and 72 hours for the 0.5 L sample and
35 hours for the 1 L sample in the Safesend.
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2.7 APPENDICES

2.7.1 Tank Waste Characterhation Data Used for Source Term Generation

Table B2.7-l. BIOWorst-Case Activity Concentrations.

ALL liquids All solids
Max liquids 0.125 L

Isotope
BqlL Bq/L

and solids inventory
BqlL Ci

“c 2.30 E+05 1.60 E+o5 2,30 E+05 7.78E-07

60co 9.53 E+06 4.85 E+08 4,85 E+08 1.64E-03

‘9Se 0.0000 1.70 E+o4 1.70 E+04 5.75E-08

90Sr 1.05 E+1O 2.88 E+12 2.88 E+12

90Y
9,73E+o0

1.05 E+1O 2.88 E+12 2.88 E+12 9.73E+o0

99Tc 1.70 E+o7 1.20 E+1O 1.20 E+IO 4.05E-02

‘O’Ru 9.93 E+02 7.22 E+04 7.22 E+04 2,44E-07

‘2’Sb 3.42 E+04 1.81 E+08 1.81 E+o8 6.13E-04
129I 2.00 E+04 6.40 E+06 6.40 E+06 2. 16E-05

‘34CS 6.11 E+06 9.44 E+06 9.44 E+06 3.20E-05

‘37CS 8.84 E+IO 1.01 E+ll I.01 E+ll 3.40E-01

‘44Ce 9.05 E+OO 3.37 E+02 3.37 E+02 1,14E-09

147pm 3.60 E+07 0,0000 3.60 E+07 1.22E-04
154EU 2.35 E+09 1.11 E+1O Ill E+1O 3.75E-02
155EU 5.87 E+07 5.01 E+06 5.87 E+07 1.98E-04
237NP 2.30 E+05 9.92 E+08 9.92 E+08 3.35E-03

238PU 1,78 E+o6 1.87 E+08 1.87 E+o8 6.33E-04
239PU 3,62 E+07 1.57 E+09 1.57 E+09 5.30E-03

24’PU 2.57 E+08 3.81 E+09 3.81 E+09 1.29E-02
24 lAm 4.23 E+07 1.10 E+1O 1.1OE+1O 3.73E-02

242Cm 1.13 E+01 1.99 E+02 1.99 E+02 6.73E-10
244cm 4.23 E+05 6.08 E+07 6.08 E+07 2.06E-04

Source WHC, 1996,Tank WasleCompositionsandA1mosphe.icDispersion
Coejicienfs for Usein SafetyAnalysis ConsequenceAssessments,WHC-SD-WM-SARR-O16,Rev. 2,
Westinghouse Hanford Company, Richland, Washirrgton.

Note: lCi=3.7x1010Bq.

BIO = Basis for InterimOperation(Tank Waste RemediationSystem) (FDH 1997).
FDH, 1997,Tank WasteRemedialionSystemBasisfor Interim Operation,

HNF-SD-WM-BIO-OO1,Rev. O,preparedby DE&S Hanford,Inc., for FhmrDanielHanford,Inc.,
Richland, WasbinSton.

B2-11



HNF-SD-TP-SARP-OO1, Rev. 2

Isotope

‘“co
63N i

79Se

30Sr
90”

93Zr
93nlNb

99TC

‘06Ru

‘‘3mCd

‘2’Sb
126sn

129I

‘34CS

‘3’CS

‘37’nBa

‘s’Sm

‘S*EU

‘S4EU
155E”

AZ- 102
BBI

in tank, Ci

1.47 E+04

8.30 E-01

1.08 E+OI

3.42 E+03

1.25 E+03

2.28 E+O1

3.70 E+06

3.70 E+06

1.11 E+02

4.33 E+O1

5.99 E+02

7.62 E+04

1.22 E+03

9.27 E+04

3.54 E+O1

1,52 E+OO

4.12 E+04

4.32 E+06

4.09 E+06

8.02 E+04

1.42 E+02

2.31 E+04

6.69 E+04

Table B2.7-2. AZ-102 Best-Basis Inventory (BBI).

AZ- 102 BBI 0.125Lof Isotope AZ-102 AZ- 102
in sludge, AZ-102 BBI BBI

~i. sludge,Ci** in tank, Ci in sludge,
Ci.

1.47 E+04 5,58 E-03 226Ra 8.50 E-05 8.50 E-05

8.30 E-01 3.15 E-07 227Ac 4,80 E-04 4,80 E-04

1.08 E+O1 4,1OE-O6 228Ra 7.00 E-09 7.00 E-09

3.42 E+03 1.30 E-03 22’Th 6.80 E-07 6.80 E-07

1.25 E+03 4.75 E-04 23’Pa 1.80 E-03 1.80 E-03

2,28 E+O1 8.68 E-06 232Th 9.39 E-09 9.39 E-09

3,70 E+06 1.41 E+OO YI 7.30 E-04 7.30 E-04

3.70 E+06 1.41 E+OO 233U 3.60 E-04 3.60 E-04

1,11 E+02 4,23 E-05 23’U 2.24 E+OO 2,24 E+OO

4,33 E+O1 1.65 E-05 235U 8.83 E-02 8.83 E-02

5.99 E+02 2.28 E-04 236U 1.84 E-01 1.84 E-01

7.62 E+04 2.90 E-02 237Np 1.17 E+01 1.17 E+O1

1.22 E+03 4.63 E-04 238PU 1.81 E+02 1.81 E+02

9.27 E+04 3.53 E-02 *“U 1.53 E+OO 1.53 E+OO

3.54 E+OI 1,35 E-05 239p” 1.25 E+03 1.25 E+03

1.52 E+OO 5.78 E-07 240p” 3.72 E+02 3.72 E+02

4.12 E+04 1,57 E-02 24’Am 3.77 E+04 3.77 E+04

5.18 E+05 1.97 E-01 24’PU 1,71 E+04 1.71 E+04

4.90 E+05 1.86 E-01 242PU 3.40 E-02 3.40 E-02

8.02 E+04 3.05 E-02 242Cm 1.12 E+OI 1.12 !3+01

1.42 E+02 5.40 E-05 243Am 4.42 E+OO 4.42 E+OO

2,31 E+04 8.78 E-03 2’3Cm 1.77 E+OO 1.77 E+OO

6.69 E+04 2.55 E-02 24’Cm 3.93 E+O1 3.93 E+O1

0.125 L of
AZ-102

sludge, Ci* *

3.23 E-n

1.82 E-10

2.65 E-15

2,58 E-13

6,85 E-10

3.58 E-15

2.78 E-10

1.37 E-10

8.50 E-07

3.35 E-08

7.00 E-08

4.45 E-06

6.88 E-05

5.83 E-07

4.75 E-04

1.41 E-04

1.43 E-02

6.50 E-03

1.29 E-08

4,25 E-06

1,68 E-06

6.73 E-07

1.49 E-05

Source: WHC, 1997,Tank CharacterizationReportfor Double-ShellTank241-AZ-102,WHC-SD-WM-ER-411,
Rev. O-B,Westin8h0use HanfordCompany,Richbmd,Washington.

Note I Ci = 3.7 X 10’0Bq.
*Tank AZ- 102containsa total of 329,00L of waste. It is assumedthat 12”?0of the ‘37CSactivity is containedin the

sludge and the remainderis in the supernate.
**The activity of each i$OtOPeis determinedby dividing the i“ve”t~ry i“ the sludgeby the ~l”dgeVOI”IIK (329,000L)

and then multiplying by 0.125 L.
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Table B2.7-3. AX-104 Inventory.

AX- 104 Best- 0.125 L of AX- 104 Best- 0.125Lof
Isotope Basis Inventory AX-104 Waste Isotope Basis Inventory AX- 104 Waste

in Tank, Ci Ci* in Tank, Ci Ci*

‘H 3.38 E+OO 1.60 E-OS 22’Ra 1.96 E-04 9.25 E-10

“c 6.30 E-01 2.89 E-06 228Ra 1.77 E-09 8.35 E-15

s~i 3.12 E+OO 1.47 E-05 229Th 2.77 E-07 1,31 E-12

60c0 3.47 E+02 1.64 E-03 23 I pa 2.40 E-03 1.13 E-OS

‘3Ni 3.13 E+02 1.48 E-03 232Th 1.60 E-10 7.55 E-16

79Se 2.95 E+OO 1.39 E-05 232U 2.22 E-07 1,05 E-12

90sr 1.58 E+06 7.45 E+OO ’33U 5.24 E-09 2,47 E-14

90Y 1.58 E+06 7.45 E+OO 234U 2.70 E-03 1.27 E-OS

93mNb 1.02 E+O1 4.80 E-05 23SU 1.14 E-04 5.38 E-IO

93zr 1.36 E+O1 6.43 E-05 23’U 7.47 E-05 3.53 E-10

99Tc 4,47 E+OO 2.11 E-05 23’Np 9,50 E-03 4,48 E-OS

!06RU
1.00 E-02 4.73 E-OS 23*PU 2.50 E+OO 1.18 E-05

‘‘3mCd 5.82 E+O1 2.75 E-04 23*U 2.70 E-03 1.27 E-08

‘2’Sb 2,83 E+02 1,34 E-03 239PU 3.50 E+02 1.65 E-03

‘2%n 4.61 E+OO 2,18 E-05 Z’”Pu 1,23 E+O1 5.80 E-05
129I 8.60 E-03 4.05 E-OS 24‘Am 1,02 E+o2 4.80 E-04

‘34CS 2.07 E-01 9.78 E-07 24 lP”
1.78 E+02 8.40 E-04

‘37CS 3.26 E+04 1.54 E-01 242Cm 9.29 E-02 4.38 E-07

‘31’nBa 3.07 E+04 1.45 E-01 242PU 1.00 E-03 4.73 E-09

‘5’Sm 1.10 E+04 5.20 E-02 243Am 3.10 E-03 1,46 E-08

152E” 3.36 E+OO 1.59 E-05 2’3Cm 7.10 E-03 3.35 E-OS

‘5’Eu 1.87 E+03 8.83 E-03 2d6Cm 2.19 E-01 1.03 E-06

IsSE” 1.79 E+03 8.43 E-03

Source LMHC, 1997,PreliminaryTank CharacterizationReportfor Single-ShellTank
24I-.4X-104: Best-BasisInventory,HNF-SD-WM-ER-675,Rev. O,preparedby Lockheedmartin Hanford
Corporationfor FluorDanielHanford,Inc.,R!chkmd,Washingkm.

Note I Ci = 3.7 x 10’0Bq.
*Tank AX-1 04 containsa total of 26,500 L of waste. The activity of each isotope is determined by dividing

the inventory in the sludge by the sludge volume (26,500 L) and then multiplying by 0.125 L.
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2.7.2 ORIGEN-S Input File

#ORIGENS
0$$ A1171 ET
DECAYCASE
3$$2111238 A164 A3344 ET
35$$0 T
54$$ A8 1 E
56$$A25 A6 1 A1O O A1348 A145 A153E
57** OET
DOORSTOP
CI
60** ,31234
61** F.000001
65$$
‘GRAM-ATOMS GRAMS CURIES WATTS-ALL WATTS-GAMMA

3Z IO O1OO 3Z 3Z 62
3Z 100100 3Z 3Z 62
3Z 100100 3Z 3Z 62

81$$20241 E
82$$ 00002
83* * 2.E+7 1,4E+7 1.2!3+7 1.E+7 8,E+6
7.5E+6 7,)3+6 6.5E+6 6.E+6
5.E+6 4,5E+6

5.5E+6
4.E+6 3.5E+6

2.5E+6
3.E+6

2.349999E+6 2. 149999E+6 2.E+6 1.799999E+6
1.659999E+6 1.569999E+6 1.5E+6 1.439999E+6 1.329999E+6
1.199999E+6 1.E+6 7.999999E+5 6.999999E+5 5.999999E+5
5. 119999E+5 5.099999E+5 4.499999E+5 3.999999E+5 2.999999E+5
1.999999E+5 1.499999E+5 9.999994E+4 7.499994E+4 6.999994E+4
6,E+4 4.5E+4 3.E+4 2.E+4 9.999996E+3
84** 2.E+7 1.733299E+7 1.5683E+7 1,455E+7 1.384E+7
1.284E+7 1.E+7 8. 1873E+6 6.434E+6 4.8E+6
4.304E+6 3.E+6 2.479E+6 2.354E+6
1.5E+6 1.4E+6

1.85E+6
1.356E+6 1.317E+6

1.2E+6 1.1E+6
1.25E+6

1.0IE+6 9.2E+5 9.E+5
8.75E+5 8.61 1E+5 8.2E+5
6.7E+5

7.5E+5 6.79E+5
6.E+5 5.73E+5 5.5E+5 4.9952E+5

4.7E+5 4,4E+5 4.2E+5 4.E+5
2.7E+5

3.3E+5
2,E+5 1.5E+5 1.283E+5 1.E+5

8.5E+4 8.2E+4 7.5E+4 7.3E+4 6.E+4
5.2E+4 5.E+4 4.5E+4 3.E+4
1.7E+4

2.5E+4
1.3E+4 9.5E+3 8.03E+3 6.E+3

3.9E+3 3.74E+3 3.E+3
2.2E+3

2.58E+3 2.29E+3
1.8E+3 1.55E+3 1.5E+3 1.15E+3

9.5E+2 6.83E+2 6.7E+2 5.5E+2 3.05E+2
2.85E+2 2.4E+2 2.1E+2 2.075E+2 1.925E+2
1.86E+2 1.22E+2 1.19E+2 1.15E+2
1.E+2

1.08E+2
9.E+l 8.2E+1 8.E+l

7.2E+I
7.6E+I

6.75E+1 6.5E+1 6.IE+l 5.9E+I
5.339999E+1 5.2E+1 5.059999E+I 4,92E+1 4.829999E+1
4.7E+1 4.52E+1 4.4E+1 4.239999E+l 4,1E+l
3.959999E+1 3.909999E+1 3.8E+1 3.7E+1 3.55E+1
3.459999E+1 3.375E+1 3.325E+I 3.175E+1 3.125E+I
3.E+l 2,75E+I 2.5E+1 2.25E+I 2.IE+l
2,E+1 1.9E+I 1.85E+1 1.7E+1 1.6E+I
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1.51E+I 1.44E+ 1 1.375E+I 1.29E+I
1,15E+I

1.19E+I
1.E+l 9,099999E+0 8.099999E+0 7. 15E+0

7.E+O 6.75E+0 6.5E+0 6.25E+0 6.E+O
5.4E+0 5.E+O 4.75E+0 4.E+O
3.5E+0 3.15E+0

3.73E+0
3.049999E+0 3.E+O 2.969999E+0

2.87E+o 2.77E+0 2.669999E+0 2.57E+0 2,469999E+0
2.379999E+0 2.299999E+0 2.209999E+0 2. 12E+0 2.E+O
1.94E+0 I .86E+0 1.77E+0 1.679999E+0 1,589999E+0
1.5E+0 1.45E+0 1.4E+0 1,349999E+0 1.299999E+0
1.25E+0 1.224999E+0 1.2E+0 1,174999E+0 1,15E+0
1.139999E+0 1.129999E+0 1.12E+0 I. IIE+o 1,099999E+0
1.089999E+0 1,08E+0 1.07E+0 1,059999E+0 1.049999E+0
1.04E+0 1.03E+0 1,02E+0 1.009999E+0 1.E+O
9.75E-1 9.5E-1 9.25E-1 9.E-1 8.5E-1
8.E-1 7.5E-1 7.E-1 6.5E-1 6.25E-1
6.E-1 S.SE-l 5.E-I 4.5E-I 4.E-1
3.75E-1 3.5E-1 3.25E-1 3.E-1 2.75E-I
2.5E-1 2.25 E-I 2.E-1 1.75E-I 1.5E-1
1.25!3-1 9.999996E-2 8.999997E-2 7.999998E-2 6.999999E-2
6.E-2 5.E-2 4. E-2 3.E-2 2,53 E-2
9.999998E-3 7.499997E-3 4.999999E-3 3.999997E-3 3.E-3
2.5E-3 2.E-3 1.5E-3 1.2E-3 9.999999E-4
7.499999E-4 4.999998 E-4 9.999999E-5 1E-5

73$$ 10030 60140 280590270600280630 340790 380900
390900400930 41093 I 430990441060481131 511250 501260
531290 551340 551370 561371 581440 611470 621510631520
631540631550882260 892270882280902290912310 902320
922320 922330922340 922350 922360 922380 932370942380
942390942400942410942420 952410952430962420962430
962440

74%* 5.58E-032.98E-06 1.47E-05 1.64E-03 1.48E-03 1.39E-5
9.73 9.73 6.43E-054 .80E-5 4.05E-022.90E-02 4.63E-04
3,53E-022.18E-05 2.16E-05 1.57E-023.41E-01 3.23E-01 1.15E-09
1.22E-04 5.20E-025.40E-05 3.75E-022.55E-02 9.25E- 10 1.82E- 10
8.35E-15 1.31E-12 1.13E-083.58E-152.78E-10 1.37E-10 8.5E-07
3.35 E-8 7.OE-8 5.83E-073 .35E-3 6.32E-4 5.30E-3 1.4E-4
1.29E-2 1.29E-08 3,73E-02 1.68E-064.25E-066,73E-07 2.06E-04

75$$ 331113333333333 3333
333333222222222222222
22222222T
DOORSTOP TIMESTEP 5
56$$OOA1O5ET
56$$ FOT
END
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w CHECKLIST FOR “CHECKING OF ANALYSIS/CALCULATIONS

)ocument Number/Revision: HNF-SD-TP-SARP-001

)ocument Title: ~ for Pac~

Scope of Review:

Yes” No NIA

[xl” [1 [1 Problem completely defined.

[X1 [1 [1 Appropriate analytical method used.

[xl [1 [1 Necessary assumption are arxxopriate and explicitly stated.

[xl [1 [1 Computar codes and data files documented.

[xl [1 [1 Data used in calculations explicitly stated in document.

[1 [1 [xl Sources of non-standard formulaldata are referenced and tha correctness of the

reference verified.

[xl [1 [1 Data checked for consistency with original source information as applicable.

[xl [1 [1 Mathematical derivations checkad including dimensional consistency of results.

[X1 [1 [1 Models appropriate and used within ranga of validity or use outaide range of

established validity justified.

[xl [1 [1 Hand calculations checked for errors.

[xl [1 [1 Code run straams correct and consistent with analysis documentation.

[xl [1 [1 Code output consistent with input and with results reported in.analyais
documentation.

[X1 [1 [1 Acceptability limits on analytical results applicable and supported. Limits

checked against sources.

[xl [1 [1 Safety Margins consistent with good engineering practices.

[xl .[1 [1 Conclusions consistent with analytical results and applicable limits.

[xl [1 [1 Results and conclusions address all points required in the problem statement.

I have checked the analysisicalculation and it is complate and accurata to the best of my

knowledge.

Engineer/Checker Date~

NOTE Any hand calculations, notes or summaries generated .s part of this check should be signed, dated, and attachwl to
this checklist. Matwial should b. labeled and recordeds. that it is intelligible t. a technically qualifid third party.

WMNvwf.Ox
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3.0 RADIOLOGICAL RISK EVALUATION

3.1 INTRODUCTION

A radiological risk evaluation is not required for the Sample Pig Transport System since
it is shown to meet the performance standards of the DOT/NRC regulations.
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4.0 CONTAINMENT EVALUATION

INTRODUCTION

The Sample Pig Transport System meets the leaktight criteria of ANSI N14.5
(ANSI 1987) and maintains containment of the payload through normal conditions of transport
andhypothetical accident condhions. Leakrate calculations wereperformed per ANS1N14.5
(ANSI 1987)to detemine therequired le~ates based onthe payload. Asshownin Part B,
Section 4.6.2 .l, theallowable leabate ismuchgreater thmle*tight. Therefore, there isa
significant amount of conservatism in the design of the Sample Pig Transport System for
maintaining containment of the payload.

The Sample Pig Shipping Container utilizes a Viton2 containment gasket and has been
proven by leak testing after the drop, and bolt analyses, that containment will be maintained
through all normal and accident conditions of transport.

4.2 CONTAINMENT SOURCE SPECIFICATION

The containment source is based on the worst case, all solid, source term from all waste
tanks (Part B, Section 2.0). The Sample Pig Transport System is used for transporting liquid
tank samples and therefore, this source term conservatively represents the payload.

4.3 NORMAL TRANSFER CONDITIONS

4.3.1 Conditions to be Evaluated

The conditions to be evaluated for normal conditions include: hot and cold environmental
conditions, pressurization, the 1.2 m (4 ft) drop onto an nnyieldlng surface, and vibration
normally incident to transport. The 1.2 m (4 ft) drop is enveloped by the 9 m (30 ft) drop and
therefore the calculations referred to are the 9 m (30 ft) drop calculations. The evaluations will
consider the loading affects on the containment boundary of the Sample Pig Shipping Container
from these scenarios.

4.3.2 Containment Acceptance Criteria

Containment is maintained during normal conditions of transport. Therefore, the
acceptance criteria is leaktight. The stresses are evaluated and compared with American Society
of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV) Code, Section VIII

2Viton is a trademark of E. 1. du Pent de Nemours and Company.
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ailowables to demonstrate containment has been maintained per the analysis. After drop testing,
the package was also leak tested to a leak rate criteria of 1 x 10-7atm cc/see, air.

4.3.3 Containment Model

The containment model used for the environmental conditions, pressurization, drop, and
bolt vibration consists of the Sample Pig Shipping Container as leaktested and transported.
Three drop orientations are evaluated and the worst case g-loading is taken to evaluate the bolt
prying and non-prying load stresses. The bolt vibration model assumes the Sample Pig Shipping
Container is in the N-55 overpack in transport.

4.3.4 Containment Calculations

The drop is performed in three orientations for the 9 m (30 ft) drop (enveloping case) and
the results of the worst case g-loading on the containment bolts is evaluated (Part B, Section
7.6.1.5. An evaluation was performed to develop this worst case g-loading from the actual crush
observed after the drop tests (Part B, Section 7.6.1.4). The bolt vibration evaluates the stresses
associated with the conservative ANSI N14.23 shock loads (Part B, Section 7.6.1.6).

4.4 ACCIDENT CONDITIONS

4.4.1 Conditions to be Evaluated

The accident condition evaluation reviews hot and cold environmental conditions,
pressurization, and the affects to the Sample Pig Shipping System containment boundary from
the 9 m (30 ft) drop onto an unyielding surface.

4.4.2 Containment Acceptance Criteria

The allowable leak rate for accident conditions based on the incredible 1000 mL (34 OZ)
source term is 7.22 x 10-2 atm cc/see, air (Part B, Section 4.7.1). It is demonstrated by testing
and analysis that the Sample Pig Shipping Container maintains containment (1.0 x 10-7 atm
cc/see, air) subsequent to the 9 m (30 ft) drop.

Bolt stresses are calculated per NUREG/CR-6007 (LLNL 1993) and evaluated per
ASME B&PV Code, Section VIII (ASME 1992) allowable to determine if containment is
maintained.
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4.4.3 Containment Model

The containment model used for the drop and bolt analysis consists of the Sample Pig
Shipping Container as Ieaktested and transported. The Sample Pig Transport System is dropped
9 m (30 ft) in three orientations (side, end, center of gravity over comer) onto a hard, unyielding
surface (WHC 1995). The bolt loads experienced by the deceleration are evaluated per
NUREG/CR-6007 (LLNL 1993).

4.4.4 Containment Calculations

The drop is performed in three orientations for the 9 m (30 ft) drop (WHC 1995) and the
containment bolts are evaluated (Part B, Section 7.6.1.5) to determine the stresses imposed by a
190g deceleration loading. The worst case deceleration is 188g’s during the side drop. Stresses
due to internal pressure are added to this evaluation for a combined stress case.

As demonstrated by leak testing the Sample Pig Shipping Container after the 9 m (30 ft)
drop, containment is maintained. The leak rate maintained is 1 x 10-7 atm, cc/see and as
demonstrated by the leak rate calculations, only 7.22x 10-2 is required to be maintained.

The bolt evaluation demonstrates a margin of safety against bolt failure of 1.74 using a g-
loading of 190g’s.

4.5 CONTAINMENT EVALUATIONS AND CONCLUSIONS

The Sample Pig Shipping container has been demonstrated both by 9 m (30 ft) drop
testing, closure bolt analysis, and closure bolt vibration analysis to maintain containment during
normal and accident conditions.

A N-55 overpack loaded with a Sample Pig Shipping Container was drop tested 9 m
(30 ft)onto anunyielding sutiace. Le&testing subsequent toseveral droptests demonstrated
the Saple Pig Shipping Container maintained contaiment (<lx lO-7cc/sec). Additional
confirmatory analyses were performed by conservatively determining the g-loading receive
during theactual testing bythemount ofcmshmeaswed (Pafi B, Section 7.6.l.4). Thisg-
loading wasthenused toanalyzetie closwebolts per NU=G/CR-6007 (LLNLl993). Positive
margins ofsafety inreference to ASME, Section VIII (ASME 1992) shear andtension allowable
demonstrate thatthe closure bolts will maintain contaiment dwingtie 9m(30fi) drop. Normal
vibration loads per ANSI N14.23 also were evaluated mdpositive margins ofsafety against
fatigue (9.5), peak shock (1), and shear (8.3), demonstrate containment is also maintained
through vibration loadings normally incident to transport.
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4.5.1 Environmental Conditions

The Sample Pig Shipping Container closure lid (containment vessel) consists of an 8 in.
SSpipeflange witha Parker 45-Durometer Neoprene3 O-ring. The Neoprene material
temperature range is-54 °C(-65”F) to1490C(3000F) The SSmaterial easily meets the
requirements of-40 “C (-40 “F) to 37.77 “C (100 ‘F) and the Hanford Site condhions -32.77 “C
(-27 “F) to 46.11 ‘C (115 ‘F).

4.6 REFERENCES

10CFR71, 1988, “Packaging and Transportation of Radioactive Material,” Code of Federal
Regulations, as amended.

49 CFR 173, 1987, “Transportation,” Code of Federal Regalafions, as amended.

ANSI, 1992, 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 Standards Institute, New York, New York.

ANSI, 1987, American National Standard for Radioactive Materials - Leakage Tests on
Packages for Shipment, ANSI N14.5, American National Standards Institute, New York,
New York.

ASME, 1992, Boiler and Pressure Vessel Code, Section VIII, American Society of Mechanical
Engineers, New York, New York.

LLNL, 1993, Stress Analysis of Closure Bolts for Shipping Caskr, NUREGICR-6007, Lawrence
Livermore National Laboratory, Livermore, California, January 1993.

3Neoprene is a trademark of E. 1. d. Pent de Nemours and Company.
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4.7 APPENDIX

4.7.1 Leak Rate Analyses

ujikgr” Document No. AEBO A4-01

ethnologyInc. Page- of _fl

7if/e Leakaae Rate Calculat ions Der ANSI N?4.5 Revision_Q_ Date 8iT196

Customer Wesfinohouse Hanford ComDanv MC) WO~ o~er~

M roducflon: WHC has requesed that PacTec perform leakage rate C.alculations’for the On-Site Transfer Cask

(OTC), Sample Pig, and Doorstop (DST) per%erfcan Nat/ona/Standamlfor RadioactiveMaterfals- Leakage Tests
on Packages for Shipment,ANSI Nf4.5. The radioactive material which is kanspotied in these packages is both solid
and liquid. Table <.0 provides the isotopic inventow in Curieslliter for each configuration (provided by wHC) to be
used in the calculations

fiferenc es: (1) On-Site Transfer Cask (OTC) SafeW Analysis Report for Packaging, Westinghouse Hanford Co.,
WHC-TP-SARP-002.

(2) Sample Pig Transport System Safety Analysis Repofi for Packaging, Westinghouse Hanford Co.,
WHC-TP-SARP-001
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FacTec Calculation Sheet Page__2_ of 3

Title Leakaae Rate Calculations oe rANSl N’14 5 Revision & Date 8i7/96

Table 1.0 RadioIsotopiclnv6ntory:or LeakageRate Calculations(Ci/liter)
(Sowce Westinghouse Hanford Co.)

Isotops All Liq.id All Solid SS7’ Liquid SST Solid DS7 Liquid DST Solid

C-14 6,2E.06 4.3E.06 2.7E.OS 32E-06 6,2E-66 4.3E-06

CO-SC 2,6E.04 1.3E-02 2.6E.04 1.?E-02 1.6604 4.lE.04

Se.79 O.G 4.6E.07 , 0,0 4,6E-07 0.0 0.0

Sr.90 3,0E.01 7.8E+O! 3,0E-01 4.3E+O< 1,2E.01 1.4

Y-90 3.0E41 7.8E+Ot 3,0E.01 4,3E+01 1,2E-01 1.4

Tc.99 4.6s94 3.2E.04 4,6E.04 3.2S.01 3,0E-04 i,7E33

Ru-106 2,7E.ca 1,6G06 2.7E-06 1,9E.36 Q.o 0.0

Rh-?Q6. 2,7E-08 ME-OS 2.7E-06 1,9E-W 0,0 0.0

Sb-125 S2S07 4.9E-09 9,2E-07 4,9E-03 0.0 0.0
l.l2g- 5.4E.07 1.7E.C4 2.7E.07 1,7EJ34 5.4E-07 5.4E.07

CS-734 1.6E-04 2.6E.04 3.ZE.06 3.8E-05 i ,6E-04 2,5E-04

.— 5,9E.01 2.7 4,6 1,6

8A 37m I 2.2 1 z.e I
ce.M4 2.5E-10

P,-i44.

Pm-i47 > .,, . . . . .. !
EU-154 &5E.02 3.OE.01 6.5E.02 I 1.6E-01 I ~ =~~ ~ 8-9=03 i

E.-l 55 I 1.6E-33 1.4%04 I

I !@-237 6.2E.08 2.7E-’62 0.0 1“ 8.lE-W I 6.2E-06 2,2E.06
5.lE.03 4,9s05 1.9E.03

2.1E-04 4.3E-02
2.1E-04 4.3E-02
4.9E.04 1,cE-01
9.2E-04 7.3E.02

c..< 37 I 2.4 I 2,7 I

5,6E-01 2.6 1.6 1,5

I 9.2E.09 I 2.5E-10 9.2E-39 0.0 0.0

I 2.5t.70 9.2E-09 2.5E-10 9.2E49 0.0 0.0
. 7=... I fin I 00 0.0 9.7E-Q4 0.0

, ..-. I
. . .

1.6E.03 I 1.4E-C4 0.0 G.o I

I Pu-238 I 4,9E-65 \ 5.7E-63 2.5E-06
w-235 9,7E-04 4.3E-C2 9,7E-04 I 1.2E-02 I
PU-260 I 9,7E-G4 4.3Z-02 9,7E-04 t 1,2E-02
Pu.2’4i I 7.oE-03 1,C:-ot 7.OE-03 I 8.6E-02
/m?-244 1,1E-03 3.OE-01 1.1EJ33 6,2E-03
WI-242 3.OE.1O S.4E.09 0.0 I 0,0 3,OE-10
GII-244 1.?E.05 1,6E.03 1.lE-0$ I 6.2E-05 3,2E-CS
‘rows 5.3 160 1,8 I 92 3.4

+ No AZ value8 are specitied for these isotopes in 10 CFR 71 and therefore, willbe
●’ The A2 value is unlimited for 1-129 therefore, a value of 1,0 xl 08 will be asaumed

=

0.0

4,3E.04

6,2

ignored.

The allowable leakage ratea for both the normal and hypothetical accident conditions of
transport are specified in 1II CFR $71.51, Additlona/ requirements for Type B packages.
These leakage rates are as follows

Normal Condition of Transport (NCT) Allowable RN= 2.778x 70”’0(AJ, Ci/sec

Hypothetical Accident Condition (HAC) Allowable R~ = f.653 x 10”6 (AJ, Ci/sec

Since all of the package configurations to be evaluated involve a mixture of isotopes, the value
of AZ must be computed in accordance with Appendix A of 10 CFR 71 for each configuration.

rckaging Technol.agE Inc., 4507.DPacific HighwayEast, Tacome WA 98424-2633 St(206)922-1450 ~[206J922-14,
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PacTec Calculation Sheet Page JO._ of <

77f/e Leakaae Rate Calculationsuer ANSI N14.5 Revision A Date 8/7/96

Samp Ie Pia A II Liauid

The Sample Pig is assumed to be better than leaktight for all normal conditions. For HAC, the
total wsste volume of 1,000 ml is assumed to have the potentiel to leak. Therefore, the total
Curies far each isotope for the Sample Pig is equal to the All Liquid case Iiated in Table 1.0,
and are listed in Table 4.0.

Table 4.0 Sample Pig All Liquid Case

Isotope Totsl HAC Releasable f(r) A2 f(i)/A,
Curies Cwies (Ci)

C-14 6.20E-06 6.40E-06 1.18E-06 54.1 2.17E-08

Co-so 2.60E-04 2.80E-04 4.93E-05 10.8 4.57E-06

Sr-90 3.00E-01 3.00E-01 5.69E-02 2.7 2.1 IE-02

Y-90 3.00E-01 3.00E-01 5,69E-02 5.41 ‘1.05E-02

Tc-99 4,60E-04 4.60E-04 8.73E-05 24.3 3.59E-06

RU-106 2.70E-08 2.70E-06 5.12E-09 5.41 9.47E-10

Sb-125 9.20E-07 9,20E-07 1.75E-07 24.3 7.18E-09

I-129 5.40E-07 5.40E-07 1.02E-07 1.00E+08 1.02E-15

CS-134 1.60E-04 1.60E-04 3.04E-05 13.5 2.25E-06

CS-137 2.40E+o0 2.40E+o0 4.55E-01 13.5 3.37E-02

Ba-137m 2.20E+O0 2.20E+o0 4,17E-01 24.3 1.72E-02

Ce-144 2.50E-10 2.50E-10 4.74E-I 1 5.41 6.77E-12

Pm-147 9.70E-04 9.70E-04 1.84EJ34 24,3 7.57E-06

Eu-154 e.5oE-02 6.50E-02 1.23E-02 13.5 9.13E-04

Eu-155 1.60E-03 1.60E-03 3.04E-04 54.1 5.61E-06

NP-237 6.20E-06 6.20E-06 1.18E-06 5.41E-03 2.17E-04

Pu-238 4.90E-05 4.90E-05 9.30E-06 5.41E-03 1.72E-03

Pu-239 9.70E-04 9.70E-04 1.64E-04 5.41E-03 3.40E-02

Pu-240 9.70E-04 9.70E-04 1.84E.04 5.41E-03 3.40E-02
Pu-241 7.00E.05 7.00E-06 1.33E-05 0.27 4.92E-05

Am-241 l, IOE-03 1.IOE-03 2.09E-04 5.41E-03 3.86E-02
Cm-242 3.ooE-10 .3.00E-10 5.69E-I 1 0.27 2.1 IE-10

Cm-244 1.IOE-05 1.IoE-05 2,09E-06 1.08E-02 1.93E-04

Totals 5.27E+o0 5.27E+O0 5.20E+o0

The total Curie content for the Sample Pig All Liquid case is equal to the sum of each isotope
Jr 5.27 Ci. The resultant AZ value for the mixture is 5,20 Ci. For HAC, all of the liquid content
s releasable (5.27 Ci). Solving for the same values as for the Sample Pig All Liquid case

:HAC only):

R~ = 8.58 x 104 Ci/sec

ckaging Technology, Inc., 4507-DPacific HighwayEast, Tacoma WA 98424-2833 =(206) 922-1450 ~(206)922-f44
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PacTec Calculation Sheet Page* of z

7ifle Leakaae Rate Calculations DerANSI N14.5 Revision & Date 8i719E

CA = 5.20x 10’3 Ci/ml

LA= I.65x 10amVsec, water

Per ~7.6.5.4.3 of WHC-SD-TP-SARP-OOI (Sample Pig SARP), this leakage rate is for the
mitiure atatemperature of2200F (3780K) andapressure of19.9psia (l.357atmabs). For
testing purposes, this liquid leakage rate needs to be converted to an equivalent air leakage
rate. Conveting fiquidleakage rate toanequivalent airleakage mteisaccompKshed per
Appendix Bof ANSl N14.5. Having aknownleakage rate, aleakage holediameter`D"is
computed using Equations B14 and B3 of ANSl N14.5.

The Sample Pig is fitted with a Parker O-ring #2-375 which has a cross-sectional diameter of
0.275 in. (0.6985 cm). Theleakpath length ''a'' will reassumed to bethistiameter. Since the
temperature is above the boiling point for water at atmospheric pressure (212 “F), the viscosity
forwater at2f2°F will beused, i.e., ~2<2.~=0.284cP. Theequivalent hole diameteris
:omputed from the following:

L= F=(PU-PJ (Eq. B14)

FC= 2.49 x 106 (D4)/(ap) (Eq. B3)

where; L= 1.65x 10 Jcc/sec

Pa= 1.357 atrn abs

Pd = 1.00 atrn abs

Solving these equations results in the equivalent diameter D of 4.4 x 10< cm. Since the
]ressure ratio ([1.357]-1 = 0,737) is greater than the critical pressure ratio for air (0.526), the
low will be unchoked. To convert to air leakage for this diameter, the correct expressions for
mchoked flow are Equations B2, B3, and 94 of ANSl N14.5

L = (Fc + F~(Pu - P,J (Eq. B2)

f== 2.49 x lo/ (Eq. B3)

FM ❑ 3.81 x 103 (D)3 (T/M)% /(a Pa) (Eq. B4)

wher~ Pu = 1.357 atm abs

Pa= 1.00 atm abs

M,i, = 29

T= 378 “K (220 ‘F)

:kaging Technology, inc., 45+77.Dpacjfic HighwayEast, Tacoma w,, g8~~4-~~~~ =[206)922-1450 f3(206)922-i4
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P’acTec Calculation Sheet Page _l.2_ of ~

Etie Leakaoe Rate Calculationsoer ANSI N14.5 Revision L Date 8ii’/96

pair= 0.022 CP

a = 0.6985 cm

D=4.4x10-3cm

Solving Equation B2, the calculated maximum HAG leakage rate, LA, ia 0.0224 cchec, air at a
temperature of 220 “F and a pressure of 19.9 psia. Solving the same equations at STP

conditions (77 0F/298 ‘K, Vair= 0.0181 cP, AP = 1 atrn, and assuming unchoked flow), the
maximum permissible leakage rate will be 0.0737 cchec, air. As with the OTC cases, the
leakage rate for testing the Sample Pig All Liquid configuration must be less than this value.

Therefore, the recommended leakage rate is:

LRg. ~quti= 1.0 xIO’2 cc/see, air (2.3 xIO’2 cc/see, helium)

‘ckaging Technology, Inc., 4%7-D Pacific HighwayEast, Tacoma WA 984242633 S(206)922-14S0 @(206)922-14-
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PacTec Calculation Sheet Page AOf_l.z

Title Le aeRa alul”n~ Revision 1 Dafe 8/7/96

CO-60 1,30E-02 1.30E-02

Se-79 4.60E-07 4.60E-07 I

cr.on 7 nnc~n< 7 XIV+(M

M mole Pia All Solid

The Sample Pig is assumed to be better than Iealdight for all normal conditions. For HAC, the
total waste volume of 1,000 cc is assumed to have the potential to leak. Therefore, the total
Curies for each isotope for the Sample Pig is equal to the Ail Solid case listed in Table 1.0,
and are listed in Table 5.0.

Table 5.0 Sample Pig All Solid Case

Isotope Total HAC Releasable f(i) A2 f(i)/Az

Curies Curies (Ci)

C-14 4,30E-06 4.30E-06 2.65E-06 54.1 4.89E-10

8.00E-05 10.8 7.41E-06

2.63E-09 54.1 5.23E-I 1

“, .. . ., . . . . . . ----- . 4.SOE-01 2.7 1.76E-01

Y-90 7.SOE+O1 7.soE+Of 4.80EJ31 5.41 8.87E-02

Tc-99 3.20E-01 3.20E-01 1.97E-03 24.3 8.11E-05

Ru-I 06 1.90E-06 1.90E-06 1.17E-08 5.41 2.16E-09

Sb-125 4.90E-03 4.90E-03 3.02E-05 24.3 1.24E-06

I-129 1.70E-04 1.70E-04 1.05E-06 1 .00E+08 1.05E-14

Cs-134 2.50E-04 2.50E-04 1.54E-06 13.5 1.14E-07

:-02 13.5 1.23E-03

Ba-137m 2.60E+O0 2.60E+o0 1.60E-02 24.3 6.59E-04

CS-144 9.20E-09 9.20E-09 5.66E-11 5.41 1.05 E-I 1

Eu-154 3.00E-01 3.00E-01 1.85E-03 13.5 1.37E-04

Eu-155 1.40E-04 1.40E-04 8.62E-fJ7 54.1 1.59E-06

NP-237 2.70E-02 2.70E-02 1.66E-04 5.41 E-03 3.07E-02

Pu-236 5.1 OE-O3 5.1 oE-03 3.14E-05 5.41 E-o3 5.60E-03

Pu-239 4.30E-02 4.30E-02 2.65E-04 5.41 E-03 4.89E42

Pu-240 4.30E-02 4,30E-02 2.65E-04 5.41E-03 4.89E-92

I Cs-137 I 2.70E+O0 I 2.70E+O0 I 1.66[

I 9,,.9,44 I * 13nrm I 5 nnrm I R 1fiGJIA I n 77 I 7 7sF-rF, I
!. ..-! ,. ..&.” ,----- . . ---- . ..-. -.-----

Am-241 3.00E-01 3.00E-01 1.85E-03 5.41 E-o3 3.41 E-w

Cm-242 5.40E-09 5.40E-09 3.32E-I 1 0.27 I.23E-10

Cm-244 1,60E-03 1.60E-03 9.85E-06 1.08E-02 9. 12E-04

Totals 1.62E+02 5.27E+O0 1.34E+o0

The total Curie content for the Sample Pig All Solid case is equal to the sum of each isatope or
162.46 CL The resultant A2 value for the mixture is 1.3376 CL Far HAC, all of the solid
content is releasable(162 Ci). Salving for the same values as for the Sample Pig All Liquid

cese (HAC only) yields
RA = 2.27 X 104 WCC

!ckaging Technology, km., 4507.0 Pacifc HighwayEast, Tacoma WA 9S424-2633 ‘5’(206)922-1450 0(206)922-144
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Title Leakaae Rate C alculations Der ANSI N14.5 RevMon _Q_ Date 8i7/96

CA = 1.62X 10 ‘f C//CC

LA= 1.36 x 10’5 cc/.sec, air

Per $7.6.5.4.3 of WHC-SD-TP-SARP-OOI (Sample Pig SARP), this leakage rate is for the
mixture at a temperature of 220 “F (378 ‘K) and a pressure of 19.9 psia (1.357 atm aba). To
correlate at standard temperature and pressure (STP), it must be determined whether the flow
is choked or unchoked flow. This is accomplished by determining if the pressure ratio is equal
to or less than the critical pressure ratio, re which is equal to 0.528 for air. For this case, the
pressure ratio is (1.357)-1 or 0.74. Since this ratio is greater than 0.528, the flow will be
unchoked. Therefore, the correct expressions to be utilized are Equations B2, B3, and B4 of
ANSI N14.5 to determine an equivalent hole diameter. With this hole dianieter, the leakage
rate at STP conditions can be determined.

As before, the leakpath length “a”will be assumed to be the Parker O-ring diameter, 0.6985

cm. The equivalent hole diameter is computed from the following:

L = (FC+ F,J(PU - Pd) (Eq. B2)

F== 2.49 x 106 (D4)/(a g) (Eq. B3)

F~= 3.81x 103 (D)3 (7/M)% /(a Pa) (Eq. B4)

whar~ L = 1.36 x 104 cc/see, air

P.= 1.357 atm abs

Pa= Pd = 1.00 atm abs

M,tr = 29

T = 378 ‘K (220 “F)

pi, = 0.022 CP

a = 0.8985 cm

Solving these equations results in the equivalent diameter “D”of 6.68 x 10+ cm. Solving the

same equations with this diameter at STP conditions (77 “F/298 “K, Kai,= 0.0181 cP, AP = 1
atm, and assuming unchoked flow), the maximum permissible leakage rate will be 4.4 xl O=
cc/see, air. As with the OTC cases, the leakage rate for testing the Sample Pig All Solid
configuration must be less than this value. Therefore, the recommended leakage rate is

LRg. ,Ord= 1.0 xl O‘5 cc/see, air (2.3 xl O‘5 cc/see, helium)

Ickaging Technology, Inc., 4507-0 Pacific HighwayEast, Tacoma WA 98424-2633 ~(206)922-i450 #(206J922-f44
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5.0 SHIELDING EVALUATION

5.1 INTRODUCTION

This shielding evaluation supports the shipment of tank waste samples in the Sample Pig

Shipping Container. The Sample Pig Shipping Container will transport liquid and solid samples
taken from the Hanford Site underground storage tanks. The sample sizes that may be shipped
are 0.125 L in the Sample Pig or LDUA Sampler, 0.5 L samples in the Steel Pig, and 0.5 L or
1.0 L in the Safesend. The Sample Pig, LDUA Sampler (yacked in a metal can), Steel Pig, or the
Safesend is loaded into the Sample Pig Shipping Container, which is placed in a 208 L (55-gal)
drum. The drum is then placed inside a N-55 overpack. A maximum of two overpacks maybe
loaded on the truck at any one time.

The dose rate limits for transport are 10 mSv/h (1 ,000 mrerrrh) at the surface of the N-55,
2 mSv/lr (200 mrernh) at the surface of the transport vehicle, 0.1 mSv/h (10 mrern/h) at 2 m
from the vehicle surface, and 2 mrem at the driver’s position. If the driver is a qualified Hanford
Radiological worker, the maximum dose rate at the driver’s position is 0.05 mSvYh (5 mrernlh).
If the radiation dose rate on the package surface is exceeded, the samples must be repackaged
otherwise, additional evaluation will be required. The radiation dose rate at the driver’s position
may not be exceeded. Supplemental shieldhg maybe used, and repackaging is not required. If
the dose rate at the edge of the vehicle or at 2 m from the vehicle is exceeded, ALARA practices
will be used to limit the exposure to the public and workers; thk may include the use of
supplemental shielding.

The shielding evaluation was conducted using the worst-case source term as shown in
Table B2-1 and repeated in the 0.125 L column of Table B5-1. The other entries in Table B5-1
show the source terms for a 0.5 L sample in the Steel Pig or 0.5 L and 1 L samples in the
Safesend. Due to the lack of shielding for the 0.5 L and 1.0 L samples packaged in the Safesend,
the gamma and strong beta-emitting radionuclides, which contribute to the dose rate outside the
package, were iterated to determine the quantity that would produce a surface dose rate of
10 mSv/h (1 ,000 mrernh) on the N-55. When in the Steel Pig, the 0.5 L sample can be
accommodated with the worst-case source term, without iteration on the strong beta and gamma
emitters, because dose rates on the surface of the N-55 are less than 10 mSv/h (1 ,000 mrenrh).

5.2 DIRECT RADIATION SOURCE SPECIFICATION

5.2.1 Gamma Source

The maximum source term for each sample configuration is shown in Table B5-1. As
shown in Part B, Section 5.4, this source term meets the transportation dose rate limits at the
surface of the N-55 overpack. Due to the lack of shielding for the 0.5 L and 1.0 L samples when
shipped in the Safesend carrier, the source term was iterated to determine the maximum source
that could be transported and meet the surface dose rate limit. The evaluation done in Part B,
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Section 5.4, resulted in the source term shown in Table B5- 1. Only the strong gamma- and beta-
emitting radionuclides were iterated because only these contribute to the dose rate outside the

package. When in the Steel Pig, the 0.5 L sample can be accommodated with the worst-case
source term, without iteration on the strong beta and gamma emitters, and meet the surface dose
rate limit.

Table B5-1. Source Terms for 0.125 L, 0.5 L, and 1 L Volumes of Tank
Waste in the Sample Pig Transport System. (2 sheets total)

0.125 L in Sample 0,5 L in steel pig 0.5 L in Safesend
Pig or LDUA

1 L in Safesend

Isotope
Sampler decayed

decayed 4 years decayed 4 years decayed 4 years

4 years (Ci)
(Ci) (Ci) (Ci)

3H 4.46 E-03 1.78 E-02 1.78 E-02 3.57 E-02

“c 2.89 !3-06 1.16 E-05 I,16E-05 2.31 E-OS

5~i 1,47 E-OS 5.88 E-05 5.88 E-05 1,18 E-04

60c0b 9.69 E-04 3.88 E-03 1.74 E-03 1.71 E-03

63Ni 1.44 E-03 5.76 E-03 5,76 E-03 1.15 E-02

79Se 1.39 E-05 5.56 E-OS 5.56 E-05 l.ll E-04

90Srb 8.82 E+OO 3.53 E+O1 1.59 E+O1 1.56 E+O1

90yb 8.82 E+OO 3.53 E+O1 1.59 E+O1 1.56 E+O1

‘3Zr 6.43 E-OS 2.57 E-04 2.57 E-04 5.14 E-04

‘3mNb 5.06 E-05 2.02 E-04 2.02 E-04 4.05 E-04

99Tc 4.05 E-02 1.62 E-01 1.62 E-01 3,24 E-O1

106Rub 1.90 E-03 7.60 E-03 3.41 E-03 3.37 E-03

‘06Rbb 1.90 E-03 7.60 E-03 3.41 E-03 3.37 E-03

“’mCd 3.80 E-04 1,52 E-03 1.52 E-03 3.04 E-03

125S~b 1.28 E-02 5.12 E-02 2.30 E-02 2.27 E-02

‘25mTe 3.12 E-03 1.25 E-02 1.25 E-02 2.50 E-02

‘%n 2.18 E-05 8.72 E-05 8,72 E-05 1.74 E-04

126s~ 3.05 E-06 1.22 E-05 1.22 E-05 2.44 E-05

‘2’mSb 2.18 E-05 8.72 E-05 8.72 E-05 1.74 E-04

129
I 2.16 E-05 8.64 E-05 8.64 E-05 1.73 E-04

‘3’csb 4.09 E-03 1.64 E-02 7.31 E-03 7.28 E-03

137CSb 3.11 E-01 1.24 E+OO 5.56 E-01 5.53 E-01

‘37mBab 2.94 E-01 1.18 E+O0 5.26 E-01 5.23 E-01

‘“Pm 4.24 E-05 1,70 E-04 1,70 E-04 3.39 E-04

‘5’Sm 5.04 E-02 2.02 E-01 2.02 E-OI 4.03 E-OI

‘52Eu 4.39 E-05 1.76 E-04 1.76 E-04 3.51 E-04

‘54Eub 2.72 E-02 1,09 E-01 4.87 E-02 4.84 E-02

‘S’EU 1.4I E-02 5.64 E-02 5.64 E-02 1.13 E-01

231pa 1.13 E-08 4.52 E-08 4.52 E-08 9.04 E-08
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Table B5-1. Source Terms for 0.125 L, 0.5 L, and 1 L Volumes of Tank
Waste in the Sample Pig Transport System. (2 sheets total)

Isotope 0,125 L in Sample 0.5 L in Steel Pig 0.5 L in Safesend 1 L in Safesend
Pig or LDUA decayed 4 years decayed 4 years decayed 4 years

decayed 4 years (Ci) (Ci) (Ci)
(Ci)

23lTh 3.35 E-OS 1.34 E-07 1,34 E-07 2,68 E-07

233Pa 3.35 E-03 1.34 E-02 1,34 E-02 2,68 E-02

234’”Pa 5.83 E-07 2.33 E-06 2,33 E-06 4,66 E-06

234Th 5.83 E-07 2.33 E-06 2.33 E-06 4.66 E-06
233U 6.16 E-OS 2.46 E-07 2.46 E-07 4.93 E-07
234u 8.57 E-07 3.43 E-06 3.43 E-06 6.86 E-06
235u 3.35 E-08 1.34 E-07 1.34 E-07 2.68 E-07
236u 7.00 E-08 2.80 E-07 2,80 E-07 5,60 E-07
231u 2,54 E-07 1.02 E-06 1.02 E-06 2.03 E-06
238u 5.83 E-07 2.33 E-06 2.33 E-06 4.66 E-06

237NP 3.35 E-03 1.34 E-02 1.34 E-02 2.68 E-02

%p 1,68 E-06 6.72 E-06 6.72 E-06 1.34 E-05

238PU 6.12 E-04 2.45 E-03 2.45 E-03 4.90 E-03

239PU 5.30 E-03 2,12 E-02 2.12 E-02 4.24 E-02

240Pu 1.40 E-04 5.60 E-04 5.60 E-04 1.12 E-03

2“PU 1.06 E-02 4.24 E-02 4.24 E-02 8.48 E-02

2’2PU 1.29 E-08 5.16 E-OS 5.16 E-08 1,03 E-07
241Am 3.71 E-02 1.48 E-01 1.48 E-01 2,97 E-01
243Am 1.68 E-06 6.72 E-06 6,72 E-06 1.34 E-05

242Cm 8.50 E-09 3.40 E-08 3.40 E-08 6.80 E-OS
243cm 6.11 E-07 2.44 E-06 2,44 E-06 4.89 E-06
244cm 1.77 E-04 7.08 E-04 7.08 E-04 1.42 E-03

‘Note that isotopes with activities below 1 x 10”9Cl nre not reported.

bThese isotopesor theirdau8hterscontributesignificantly to the dose on the surfaceof the
Safesend package.
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5.2.2 Beta Source

The beta source leads to an insignificant dose rate outside of the overpack because of the
shielding provided by the shipping container. This shielding is described in Part B, Section
5.4.3. 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 computer
code (Part B, Section 2.0).

5.2.3 Neutron Source

The neutron dose rate for the 0.125 L sample size was estimated using the methods
described in Nelson (1996) and was found to be insignificant compared to the gamma dose rate,
even for larger samples. Therefore, the neutron dose rates are not reported.

5.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS

The shielding attenuation properties for the bulk materials used in thk analysis were
obtained from the ISO-PC data library (Rittmamr 1995). 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 CONDITIONS OF TRANSPORT

5.4.1 Conditions to be Evaluated

Dose rates will be evaluated at the overpack surface, at the vehicle surface, which in this
case is the side or back of the truck, and at 2 m (7 ft) fi’om the vehicle surface. Dose rates will
also be calculated at 15 cm (6 in.) from the front end of the truck bed, which is the approximate
distance to the nearest normally occupied space, i.e., the driver.

5.4.2 Acceptance Criteria

Transportation safety specifies a maximum of 10 mSv/h (1 ,000 mredh) on any surface
of the overpack, 2 mSv/h (200 mrefi) at the vehicle surface, 0.1 mSv/h (1 O mrernlh) at 2 m
(7 ft) from the vehicle surface, and 0.05 mSv/h (5 mremlh) in any normally occupied space for
radiological workers, or 0.02 mSv/b (2 mrernlh) in any normally occupied space for
nonradiological workers.
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5.4.3 Shielding Model

The ISO-PC program (Rittmann 1995) was used for the gamma-ray dose rate
calculations. ISO-PC uses the point-kernel integration method to compute the dose rate at a
detector location. Bremsstrahlung photons are accounted for in the dose rate calculations.
Fluence-to-dose conversion factors were based on an anterior-to-posterior irradiation pattern
(ANSI/ANS 1991). Simplified radial and axial models of the Sample Pig Shipping Container
were used since ISO-PC limits the number of shields to five, whereas there are greater than
five shield layers in both the radial and axial directions.

5.4.3.1 0.125 L Sample. Two configm’ations are modeled, the lead-shielded Sample Pig and the
LDUA Sampler.

In the Sample Pig, the 0.125 L sample bottle has an outside diameter (OD) of

approximately 5.24 cm (2.06 in.) and a height of 12.5 cm (4.9 in.). The source was modeled as a
cylinder with an OD of 5.24 cm (2.06 in.) and a height of 5 .S cm (2.3 in. [which is equivalent to
a volume of 0.125 L]). The sample is placed in a lead-lined shielding pig, which is then placed
into the Sample Pig Shipping Container, the 208 L (55-gal) drum, and the N-55 overpack.

The 0.125 L LDUA Sampler configuration was modeled as a cylinder with an equal
diameter and length of 5.4193 cm (2.1336 in.) such that the volume is 0.125 L (125 cm3). The
sampler is sealed in a plastic bag, placed in a paint can, and surrounded by a 1 cm-thick lead
shield. The plastic bag and paint can are ignored in the ISO-PC shielding model, and the source
cylinder is directly surrounded by 1 cm of lead. The LDUA Sampler with its 1 cm-thick shield is
centered withkr the 10.136 cm (3.99 in.) inner radius Sample Pig Container. There is an air
annulus of thickness 6.4264 cm (2.5301 in.) between the shield wall and the inner wall of the
Sample Pig Container. The base of the lead shield surrounding the sample is taken to be 5.27 cm
above the bottom of the Sample Pig Container, corresponding to the same thickness of fiber
subassembly used when the Safesend is packaged in thk container. This results in a more
conservative dose rate estimate at the top of the overpack than assuming the lead shield rests on
the bottom of the Sample Pig Container.

A maximum of two overpacks containing these 125 mL samples maybe loaded on the
truck at any one time (see Figure B5- 1). The overpacks are vertically oriented on the truck and
are spaced apart by 15 cm (6 in.). The distance from the centerline of the overpacks to the side
of the truck is 116.8 cm (3 ft, 10 in.), and the distance from the overpack centerline to the back of
the truck is 145.8 cm (4 ft, 9.4 in.). Therefore, the vehicle surface will be defined as the side of
the truck in this analysis. The maximum dose rate at the side of the truck (vehicle surface) will
occur between the front and rear overpacks when two overpacks are loaded on the truck. The
distance from an overpack to a person located on the side of the truck at the midpoint between
the front and rear overpacks is 125.5 cm (4 ft, 1.4 in.). The ISO-PC dose rate estimate at the side
of the truck will account for the dose contributions from both overpacks. The driver is located
33 cm(13 in.) from the overpack that is located on the front end of the truck bed.
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Figure B5-1. Simplified Sketch of Shipping Container
Transport Vehicle. (Not to Scale)
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5.4.3.2 0.5 L Sample in Safesend.

l13in

The 0.5 L sample was modeled as a cylinder with an OD of

10.3 cm (4.1 in.) id a height of 6.0 cm (2.4 in.). The actual 0.5 L bottle has an OD of 9.1 cm
(3.6 in.), but the difference between the model and the actual bottle is negligible. The sample
bottle is placed into the Safesend, which is placed in the Sample Pig Shipping Container. The
rest of the packaging is the same as described in Part B, Section 5.4.3.1.

5.4.3.3 1 L Sample. The 1 L sample bottle was modeled as a cylinder with an OD of 10.3 cm
(4. 1 in.) and a height of 12.0 cm (4.7 in.). The sample bottle is placed into the Safesend which is
placed in the Sample Pig Shipping Container. The rest of the packaging is the same as described
in Part B, Section 5.4.3.1.

5.4.3.4 0.5 L Sample in the Steel Pig. The 0.5 L sample with the worst-case radionuclide
mixture (four times the 0.125 L sample content) was modeled as a cylinder with a diameter of
8.57 cm (3.375 in.) and a height of 8.66 cm (3.41 in.). The Steel Pig has an OD of 16.83 cm
(6.625 in.). The Steel Pig is placed inside the Sample Pig Shipping Container, and there is a
1.72 cm (0.678 -in.) air gap between the outer surface of the carrier and the inner surface of the
container. The rest of the packaging is the same as described in Part B, Section 5.4.3.1. To
simplifi the model and reduce the number of radial zones, the steel wall of the Sample Pig
Shipping Container is combined with the Steel Pig wall, and the air gap is combined with the
zone occupied by the wood fiber assembly (also modeled as an air zone).

Tables B5-2 throughB5-11 summarize the radial and axial ISO-PC models.
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Table B5-2. Sample Pig Shipping Container Overpack Radial Geometry and Material
Composition for the 0.125 L Worst-Case LDUA Sampler Whh 1 cm Lead Shield.

Zone Zoneouter Zone Zonematerial ISO-PCzone

(material) radius thickness density thickness
cm (in.) cm (in.) (g/cc) (cm)

Source (water) 2.7096 (1 .0668) 2.7096 (1 .0668) I .49 2.7096 (1 ,0668)

Shield (lead) 3.7096 (1.4605) I .000 (0.3937) 11.34 I .000 (0.3937)

Gap (air) 10,136 (3.99) 6.4264 (2.5301) 1.22 E-3 ~~b

Sample Pig Shipping Container (steel) 10.954 (4,3 13) 0.818 (0.322) 7.86 NAa

Subassembly’(woodtiher) 28,575(11,250) 17.621(6.937) 1,22E-3 25.821b(10.17)

208 L (55-gal)(steel) 28.706(11.302) 0.13I (0.052) 7.86 0.949’ (0.3736)

Gap(air) 30.480(12.000) 1.774(0.698) 1.22E-3 NAb

N-55 (polyurethane) 39.745 (1 5.648) 9.265 (3.648) 0.0481 9.265 (3.648)

N-55 (steel) 39.846 (1 5.687) o. Iol (0.040) 7.86 0.101 (0.040)

‘The steel wall thicknesses of 0.818 cm (0.322 in.) and 0.13 I cm (0.052 in.) were combined to produce a

single 0.949 cm (0.3736 -in.) zone of steel.
bSince ISO-PCis limitedto a totalof six zones (one source plus five shield zones), the air gaps 6.4264 cm

(2.5301 in.), 17.621 cm (6.937 in.), and 1.774 cm (0.698 in.) were combined to produce a single 25.82 I cm

(1 O.17-in,) zone of air (the wood fiber s.bassemhly was modeled as an air gap).
Theshielding afforded bythesubassembly was ignored. Thiszonewas modeled asair.

LDUA = Light-Duty Utility Arm.

Table B5-3. Sample Pig Shipping Container Overpack Top Axial
Geometry and Material Composition for the 0.125 L Worst-

Case LDUA Sampler Whh 1 cm Lead Shield.

Zone
Zone Zone material ISO-PC zone

(material)
thickness density thickness

cm (in,) (g/cc) cm (in.)

Source (water) 5.4193 (2.134) 1.49 5.4193 (2.134)

Shield (lead) 1.00 (0.394) I I .34 1.00 (0.394)

Gap (air) 21.601 (8.504) 1.22 E-3 21,60 I (8.504)

Sample Pig container lid (steel) 0.635 (0.250) 7.86 0.635 (0.250)

SubassemblyC (wood fiber) 32.728 (12.885) 1.22E-3 NAa

Drum lid (steel) 0.161 (0.063) 7.86 NAb

N-55C (polyurethane) 17,78 (7.00) 1.22 E-3 50.508’ (19.885)

N-55 lid (steel) 0.101 (0.040) 7.86 0.262b (0. 103)

‘The air zones of 32.728cm(12.885 in. )rmd 17.78 cm (7.00 in.) were combined to
produce a single 50.508 cm (19-885 in.) zone of air.

bThe steel lid thicknesses of 0.161 cm (0.063 in.) and 0.101 cm (0.040 in.) were

combined to produce a single 0.262 cm (0. 103-in.) zone of steel.
The shielding afforded by the subassembly and polyurethane was ignored. These zones

were modeled as air.
LDUA = Light-Duty Utility Arm.
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Table B5-4. Sample Pig Shipping Container Overpack Radial Geometry and Material
Composition for the 0.125 L Sample Size in the Sample Pig.

Zone Zone outer Zone thickness Zone material lSO-PC zone
(material) radius, cm (in.) cm (in,) density (g/cc) thickness, cm (in.)

Source (water) 2,619 (1,031) 2.619 (1.031) 1.49 2.619(1,031)

Sample Pig inner sleeve (steel) 2.858 (1.125) 0.239 (0.094) 7.86 NAa

Shield Pig (lead) 7.938(3,125) 5.080 (2.000) I 1.34 5.080 (2.000)

Shield Pig outer layer (steel) 8.414 (3.313) 0.476 (O. 187) 7.86 1.664’ (0,655)

Gap (air) 10.136 (3.991) 1.722 (0.678) 1.22 E-3 21.117b (8.314)

Sample Pig Shipping Container (steel) 10.954 (4.3 13) 0.818 (0.322) 7,86 NA’

SubassemblyC(woodfiber) 28.575(11.250) 17,621(6,937) 1.22E-3 ~Ab

208 L (55-gal)(steel) 28.706(11.302) 0.13I (0.052) 7.86 NA’

Gap(air) 30.480(12.000) 1.774(0.698) 1.22E-3 NAb

N-55 (polyurethane) 39.745 (15.648) 9.266 (3.648) 0.048 t 9,266 (3.648)

N-55 (steel) 39.846 (15.687) 0.101 (0.040) 7,86 0,101 (0.040)

‘Since lSO-PCis limited to a total of six zones (one source Plus five shield zones), the steel wall thicknesses of

0.239 cm (0.94 in.), 0.476 cm (O. 187 in.), 0.818 cm (0.322 in.), and 0.131 cm (0.052 in.) were combined to produce a single
1.664 cm (0.655 -in.) zone of steel.

bThe air gaps (t .722 cm [0.678 in.], 17.621 cm [6.938 in.], and 1.774 cm [0.698]) were combined to produce a

single 21.117 cm [8.314 -in.] zone of air.
The shielding afforded by the Safesend and the subassembly was ignored. These zones were modeled as air.

Table B5-5. Sample Pig Shipping Container Overpack Top Axial Geometry and
Materird Composiiton for 0.125 L Sample in the Sample Pig.

Zone Zone thickness Zone material lSO-PC zone

(material) cm (in.) density thickness
(S/cc) cm (in.)

Source (water) 5.800 (2.283) 1.49 5.800 (2.283)

Bottom of shield Pigcover(steel) 0.318(0.125) 7.86 1.271’(0.500)

ShieldPig (lead) 5.080 (2.000) t t.34 5.080 (2.000)

Top of shield Pig cover (steel) 0.318 (0.125) 7.86 NAa

Gap (air) 17.465 (6.876) 1,22 E-3 50. 193b (19.761)

Sample Pig Shipping Container top (steel) 0.635 (0.250) 7.86 NA”

Subassemblyb (wood fiber) 32.728 (12.885) 1.22 E-3 NAb

Drum lid (steel) 0.t61 (0.063) 7.86 NA=

N-55 (polyurethane) 17.78 (7.00) 0.0481 17,78 (7.00)

N-55 Lid (steel) 0.101 (0.040) 7.86 0.262C (0.103)

“Since lSO-PC is limited to a total of six zones, the steel layers (0.318 cm [0. 125 in.], 0.318 cm [0.125 in.], and
0.635 cm [0.250 in.]) were combined into a single 1.271 cm (0.500 -in.) zone of steet.

bSince the subassembly was modeled as air, the air zone of 17.465 cm (6.876 in.) the subassembly zone thickness
of 32.728 cm (12.885 in.) were combined to produce a single 50.193 cm (19.761 -in.) zone of air.

The Pig bottom thickness of 0.635 cm (0.250 in.) was combined with the drum bottom thickness of 0.13 I cm

(0.052 in.) to produce a singte 0.766 cm (0.302-in.) zone of steel.
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Table B5-6. Sample Pig Shipping Container Overpack Bottom Axial Geometry
and Material Composition for 0.125 L Sample in the Sample Pig

Zone Zone thickness Zone material lSO-PC zone

(material) cm (in.) Density (g/cc) Thickness, cm (in,)

Source (water) 5.S00 (2.2S3) 1.49 5.800 (2,283)

Bottom of Inner Sleeve (steel) 0.238 (0.094) 7.86 NA’

Shield pig (lead) 4.763 (1 .875) 11,34 4.763 (1.875)

Shield Pig bottom (steel) 0.305 (o. 120) 7.86 1.178’(0.464)

Sample Pig Shipping Container bottom (steel) 0.635 (0.250) 7.86 NAa

Subassemblyb(woodfiber) 20.32(S.00) 1.22E-3 20.32 (8.00)

Drumbottom(steel) 0.131 (0.333) 7.86 NAC

N-55(polyurethane) 14.0(5.5) 0.0481 14.0(5.5)

N-55bottom(steel) 0.101 (0.040) 7.g6 0.232’ (0.091)

‘Since ISO-PC is limited to a total of six zones, the steel layers(0.23gcm [0.094 in.], 0.305 cm [0. 120 in.], and

0.635 cm [0.250 in.]) were combined into a single 1. 17S cm (0.464 -in.) zone of steel.
bThe shielding afforded by the subassembly was ignored. This zone was modeled m air.

The 208 L (55-gal) drum bottom thickness of 0.131 cm (0.052 in.) was combined with the N-55 bottom thickness

of 0.101 cm (0.040 in.) to produce a single 0.232 cm (0.091 -in.) zone of steel.

Table B5-7. Sample Pig Shipping Container Overpack Radial Geometry and Material
Composition for the 0.5 L Worst-Case Sample in Steel Pig

Zone Zone outer radius Zone thickness Zone material [SO-PC zone

(material) cm (in,) cm (in.) density (g/cc) thickness, cm (in.)

Source (water) 4,2863 (1 .6875) 4.2863 (1 .6875) I .49 4.2863 (1 .6S75)

Steel Pig (steel) 10.136 (3.991) 4, 1275(1 .625) 1.22 E-3 4.9445’ (1 .947)

Gap (air) 10.136 (3.99) 1,7222 (0.678) 1.22E-3 NAb

Sample Pig Shipping Container (steel) 10.954 (4.3 13) 0.818 (0.322) 7.86 NAa

Subassembly’ (wood fiber) 28.575 (1 1.250) 17.621 (6.937) 1.22 E-3 21.12’ (8.31)

208 L (55-gal) (steel) 28.706 (1 1.302) O.131 (0.052) 7.86 0.131 (0.052)

Gap (air) 30.480 (12.000) 1.774 (0.698) 1.22 E-3 NAb

N-55 (polyurethane) 39.745 (1 5.648) 9.266 (3.648) 0.0481 9.266 (3.648)

N-55 (steel) 39.846 (1 5.687) 0.101 (0.040) 7.86 0.101 (0.040)

‘The steel wall thicknesses of 4.986 cm (1 .963 in.) and 4.1275 cm (1.625 in.) were combined to produce a single
4.9445 cm (1 .947 in.) zone of steel.

bSince lSO-PC is limited to a total of six zones (one source plus five shield zones), the air gaps 1.7222 cm

(0.678 in.), 17.62 I cm (6.937 in.), and 1.774 cm (0.698 in.) were combined to produce a single 21.12 cm (8.3 l-in.) zone of air
(the wood fiber subassembly was modeled as an air gap).

The shielding afforded by the subassembly was ignored. This zone was modeled as air.
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Table B5-8. Sample Pig Shipping Container Overpack Top Axial Geometry and
Material Composition for 0.5 L Worst-Case Sample in Steel Pig

Zone

I
Zone thickness I Zone material I ISO-PCzone

(material) cm (in.) density Q/cc) thickness, cm (in,) I
Source (water) S.66 (2.20) 1.49 8.66 (2.20)

Gap (air) 10,39 (4.09) 1.22 E-3 16.55d (6.52)

Steel Pig lid (steel) 3.81 (1.50) 7.S6 4.445” (1 .75)

Gap (air) 6.16 (2.425) 1.22 E-3 ~Ad

Sample Pig Shipping Container top (steel) 0.635 (0.250) 7.86 NAa

Subassemblyc (wood fiber) 32.728 (12.885) 1.22 E-3 32.728 (12.885)

Drum lid (steel) 0.16 I (0.063) 7.86 NAb

N-55 (polyurethane) 17.78 (7.00) 0.0481 17.78 (7.00)

N-55 lid (steel) 0.101 (0.040) 7.86 0.262b (O. 103)

‘The steel lid thicknesses of 3.81 cm (1 .50 in.) and 0.635 cm (0.250 in.) were combined to produce a single

4.445 cm (1.75-in.) zone of steel.

‘The steel lid thicknesses of 0.161 cm (0.063 in.) and 0.101 cm (0.040 in.) were combined to produce a single

0.262 cm (O. 103-in.) zone of steel.
“fhe shielding afforded by the subassembly was i8n0red. Thiszonewasmodeledasair.
‘The air gaps of thicknesses 10.39 cm (4.09 in.) and 6.16 cm (2.425 in.) were combined to produce a single

16.55 cm (6.52-in.) zone of air.

Table B5-9. Sample Pig Shipping Container Overpack Radial Geometry and Material
Composition for the 0.5 L and 1.0 L Sample Sizes in the Safesend.

Zone Zoneouter Zonethickness Zonematerial ISO-PCzone
(material) radius,cm(in.) cm (in.) Density (g/cc) thickness, cm (in.)

Source (water) 5.150 (2.028) 5.150 (2.028) 1,49 5.150 (2.028)

Safesend’ (foam) 10.136(3.991) 4.986 (1.963) 1.22 E-3 22.607b (8.900)

Sample Pig Shipping Container (steel) 10.954 (4.3 13) 0.818 (0.322) 7.86 0.949” (0.374)

Subassembly’ (wood fiber) 28.575 (1 1.250) 17.621 (6.937) 1.22 E-3 NAb

208 L (55-gal) (steel) 28,706 (1 1.302) O.131 (0.052) 7.86 NAC

Gap (air) 30.480 (12.000) 1,774(0.698) 1.22 E-3 1.774 (0,698)

N-55 (polyurethane) 39.745 (1 5.648) 9.266 (3.648) 0.0481 9.266 (3.648)

N-55 (steel) 39.846 (t 5.687) o. Iol (0.040) 7.86 0,101 (0.040)

‘The shielding afforded by the Safesend and the subassembly was ignored. These zones were modeled as air.

bSince ISO-PC is limited to a total of six zones (one source plus five shield zones), the small air gaps (4.986 cm
[1,963 in.] and 17.621 cm [6.937 in.]) were combined to produce a single 22.607 cm (8.900-in.) zone of air.

The steel wall thicknesses of 0.818 cm (0.322 in.) and 0.13 I cm (0.052 in.) were combined to produce a single

0.949 cm (0.374 -in.) zone of steel.
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Table B5- 10. Sample Pig Shipping Container Overpack Top Axial Geometry and Material
Composition for 0.5 L and 1.0 L Samples in the Safesend

Zone Zone thickness Zone material ISO-PCzone
(material) cm (i”.) density (g/cc) thickness, cm (in,)

Source (water) (0.5 L) 6.0 (2.4) 1.49 6.0 (2.4)

Source (water) (1.0 L) 12.0 (4.7) 1.49 12.0 (4.7)

Safesend/void (air) (0.5 L) 23.02 (9.06) 1.22 E-3 23.02 (9.06)

Safesend/void (air) (1.0 L) 17.02” (6.70) 1.22 E-3 17.02” (6.70)

Sample Pig Shipping Container top (steel) 0.635 (0.250) 7.86 0.796b (0.3 130

Subassembly’ (wood fiber) 32.728 (12.885) 1,22 E-3 32,728 (12.885)

Drum lid (steel) 0.161 (0.063) 7.86 ~Ab

N-55 (polyurethane) 17.78(7.00) 1.22E-3 17.78(7.00)

N-55 lid (steel) 0.101 (0.040) 7.86 0.10I (0.040)

aTbe value in parenthesis is tbe air zone thickness for the 500 mL [17-OZ] case.

bSince lSO-PCk limited to a total of six zones, the Sample PigShipping Container top and drum lid steel layers
(0.635 cm [0.250 in.] and 0.161 cm [0.063 in.]) were combined into a single 0.796 cm (0.3 13-in.) zone of steel.

Tbeshielding afforded bytbesubassembly was ignored. Thiszonewas modeled asair.

Table B5-11. Smple Pig Sfipping Container Ove~ack Bottom Axial Geometry
and Material Composition for0.5Landl LSarnples.

Zone Zonethickness Zonematerial [SO-PCzone
(material) cm(in.) Density(s/cc) thickness,cm (in.)

Source (water) (0.5 L) 6.0 (2.4) 1.49 6.0 (2.4)

%.r.e (water) ( 1.0 L) 12.0’(4.7) 1.49 12.0’(4.7)

Safesendb(air) 5.27 (2.07) 1.22E-3 5.27 (2.07)

Sample Pig Shipping Container Bottom (steel) 0.635 (0.250) 7.86 0.766’ (0.302)

Subassemblyb (wood fiber) 20,32 (8.00) 1.22 E-3 20.32 (8.00)

Drum bottom(steel) 0.131(0.052) 7.86 NA’

N-55 (polyurethane) 14.0 (5.5) 1.22 E-3 14,0 (5,5)

N-55 bottom (steel) 0.101 (0.040) 7.g6 0.101 (0.040)

‘The value in parenthesis is the source zone thickness for the 500mL(17-oz) case.

~hesbielding afforded bytbesubassembly wasignored. Thiszonewas modeled asair.

‘Since ISO-PCk limitedto a totalofsix zones,theSamplePigShippingContainerbottomaniidmm
bottomsteellayers(0.635cm [0.250 in.]and 0.13 I cm [0.052 in.]) were combined into a single 0.766 m
(0.302-in.) zone of steel.

5.4.4 Shielding Calculations

Table B5-12 summarizes the gamma dose rate estimates from ISO-PC for various
distances fromthe N-55 overpack foreach of thethree cases. Notethat thesource termwas
iterated forthe0.5 Land l. OLsmples intie Safesend cwierto result inadoserate on the
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N-55 surface of 10 mSv/h (1 ,000 rnremlh). Due to the lack of shielding in the Safesend, the
maximum source term cannot be shipped in the 0.5 L and 1.0 L sample sizes in the Safesend.
The maximum source term can, however, be shipped in the 0.5 L sample size when carried in the
Steel Pig because the overpack surface dose rates are less than 1,000 rerru%.

Table B5-12. Dose Rates Outside the Sample Pig Transport System, mSvih (rnrernh).

Detector location
0.125 L LDUA 0.125 L sample in

0.5 L Steel Pig 0,5 L sample in 1.0 L samplein
Sampler Sample Pig Safesend Safesend

Side 2.81 (281) 0.08 (8) 4.44 (444)

Overpack

10 (1,000) 9.98 (998)

Top
surface

0.9 (89.5) 0.03 (3) 1.51(151) 2.81 (281) 2,78 (278)

Bottom NA 0.12(12) NA 9.59 (959) 7.26 (726)

Vehicle surface’ 0.03 (29.7) 1.7 E-02 (1.7) 0.93 (93.4) 2.1 (210) 2,1 (210)

2 m from vehicle surface 4.5E-02 (4.48) 3,0 E-03 (0.3) 0.14 (14.1) 0.32 (32) 0.32 (32)

Driver Iocationb 0,88 (88) 0.03 (3) 1.39 (139.1) 3.13 (313) 3.12(312)

I Sievert= 100 rem,

‘Dose rate at the limiting location on the side of the truck bed.
bDriver located 33 cm (13 in.) from tbe overpack on the front end of the truck bed.

5.5 ACCIDENT CONDITIONS

5.5.1 Conditions To Be Evaluated

Testing was performed on the N-55 overpack, and it was found that the overpack lid
maintained its integrity even after a 9 m (30-ft) drop test. The structural analysis indicates that
the Sample Pig Transport System also maintains its integrity after the drop. Therefore, there is
no credible scenario that could occur during onsite shipment of the N-55 that would result in the
loss of the lid or the loss of any shielding provided by the N-55, 208-L (55-gal) drum, or Sample
Pig Shipping Container. However, the N-55 overpack experienced permanent deformation from
each of the three drop tests (end, side, and comer). The deformation resulted from some of the
material of the spacer assembly being crushed during impact. Thk deformation will cause a
slight decrease in the distance from the source to the overpack surface, which, in turn, will cause
a slight increase in the dose rates. Figure 7.6.1 .4-1 shows the amount of damage resulting from
each of the drop tests. The side drop, which resulted in approximately 5.08 cm (2 in.) of damage
to the N-55, will cause the greatest dose rate increase. Because the maximum dose rate during
normal conditions occurs on the side of the overpack, the dose rates at the side of the overpack
will also be limiting after the drop tests.
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5.5.2 Acceptance Criteria

The external dose rate from a single package shall not exceed 10mSv/h(1000 mreti) at
1 m from the surface under accident conditions as directed by the onsite transportation safety
program.
5.5.3 Shielding Model

The maximum dose rate at the vehicle surface during normal transfer conditions is 10
mSv/h (1 ,000 mrerdh) for the worst-case source term. The location of the maximum vehicle
surface dose rate is 125 cm from the surface of the overpack, and since two overpacks contribute
to the dose rate at that location, the dose rate from a single overpack is 1.05 mSv/h (105.3
mrern/h). The radial dose at approximately 1 m from the overpack is decreasing at a rate slightly
greater than 1h-, where r is the distance. Therefore, the dose rate at 1 m is conservatively
estimated to be 1.32mSv/h(132 mremfh = 105.3 mremh x 1.25 m/1 m). For the side drop case
the distance from the overpack will decrease by 5.08 cm (2 in.), which corresponds to a distance
of 0.95 m from the overpack. The dose rate at 0.95 m, which corresponds to 1 m from the
damaged package, is conservatively estimated to be 1.39mSv/h(139 mrernh) = 132 mrerdh x
1.00 m/O.95 m), which is far below the 10-mSv/h(1000-mredh) limit at 1 m from the surface
under accident conditions.

5.6 SHIELDING EVALUATION AND CONCLUSIONS

The worst case-source term was used as derived in Part B, Section 2.0, for the 125 mL
sample size. However, the lack of shielding in the Safesend, when used for the 0.5 and 1.0 L
samples, required that the strong gamma- and beta-emitting radionuclides be restricted to the
amount that would produce a surface dose rate of 10 mSv/h (1,000) mrernh or less on the
surface of the N-55 overpack. The resulting source term is shown in Table B5- 1. As shown in
Table B5-13, the surface dose rate limit of 10 mSv/h (1 ,000 mrernh) is met for all sources and
condhions evaluated. However, some dose rate limits are exceeded. The maximum dose to the
driver for the 0.125 L sample in the Sample Pig is exceeded only if the driver is not a qualified
Hanford radiological worker when transporting the worst-case source term; otherwise, all other
limits are met for this sample size. The dose rate limit to the driver is exceeded for the 0.125 L
sample in the LDUA Sampler, but all other limits are met. The dose rate limit to the driver at
2 m from the vehicle is exceeded for a 0.5 L sample in the Steel Pig. The dose rate limits to the
driver, at the edge of the vehicle and at 2 m from the vehicle, are exceeded for the 0.5 L and 1 L
sample in the Safesend. If these sources (shown in Table B 5- 1) are encountered in practice,
supplemental shielding will be required for the driver, and ALARA practices or supplemental
shieldlng will be required to limit exposure to the public and workers.
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Table B5- 13. Comparison of Maximum Dose Rates,
mSv/h (mrernh), With Dose Rate Limits.

0.125 L LDUA 0.125 L
0.5 L sample 0.5 L sample 1,0L sample

Detectorlocation Limit
Sampler in the in the

sample in the
Steel Pig Safesend Safesend

Overpack surface 2 (200) 2.81 (281) 0.08 (8) 4.44 (444) 10.0 (1000) 9.98 (998)

Vehicle surface’ 2 (200) 0.03 (29.7) 1.7 E.02 (1.7) 1.51 (151) 2. I’(21O) 2.1’ (210)

2 m from vehicle surface 0.1 (lo) 4,5E-02 (4.48) 3.OE-03 (0.3) 0.93 (93.4) 0.32’ (32) 0.32’ (32)

Driver locationb 0.05 (5) 0.88 (88) 0.03 (3) 1.39 (139.1) 3.13’ (313) 3.12’ (312)

I Sievert = 100 rem.

‘Dose rate at the limiting location on the side of the truck bed.
bDriver located 33cm(13in.) from tieoveTack onthefront endofthe@uck bed. The5mremih limit applies toa

qualitiedradiological worker. lfthedriver isanonra&ological worker, tiedoserate limit is2mreti.
‘Additional shielding andlor ALAP.A controls will be used to reduce the dose rates below the required limits (see

Part A, Section 6.0).

ALARA = as low as reasonably achievable.
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5.8 APPENDICES: ISO-PC INPUT FILES

5.8.1 0.125 L Sample

o 2 PIG-125 mL

Cylindrical Source Geom - Dose Rate at 1 cm

&~nputNext= 1, lSpec=3, lGeom=7, lCONC=O,SFACT= 1, DONIT=l,
NTheta=30, NPsi= 30, NShld= 6, JBu& 6, OPTION=l,
Slth=5.8,
Y= 2.9,
T(l)= 2.619,
T(2)= 5.080,
T(3)= 1.664,
T(4)=21.117.
T{5j= 9.266,

T(6)= o. Iol ,
X= 40.85,

WEIGHT(451) = 2.89E-06 ,
WEIGHT(472) = 9.69E-04 ,

WEIGHT( 27)= 1.39E-05 ,

WEIGHT( 82)= 8,82E+O0 ,

WEIGHT( 84)= 8.82E+O0 ,

WEIGHT(102) = 6.43E-05 ,

WEIGHT(103) = 5.06E-05 >
WEIGHT(141) = 4.05E-02 ,

WEIGHT(170) = 1.90E-03 ,

WEIGHT(172) = 1.90E-03 ,
wEIGHT(206) = 3 .80E-04 ,
WEIGHT(269) = 1.28E-02 ,
WE1GHT(270)= 3.12E-03,

WEIGHT(272)= 2.18E-05,
WE1GHT(274j= 3.05E-06,
WEIGHT(273)= 2.18E-05.

WEIGHT~290j= 2.16E-05;
WEIGHT(319)= 4.09E-03,

wE1GHT(335)= 3.1 IE-01,
WEIGHT(336)= 2.94E-01,

WEIGHT(388)= 4.24E-05,

WEIGHT(403j= 5.04E-02,

WEIGHT(408)= 4.39E-05.
WEIGHT~415j= 2.72E-02,
WEIGHT(418)= 1.41 E-02,
WEIGHT(371)= 1.13 E-08,

wEIGHT(450)= 3.35 E-08,
wEIGHT(490)= 3.35 E-03,
wEIGHT(533)= 5.83 E-07,
WE1GHT(530)= 5.83 E-07,
WEIGHT( 519)= 6.16 E-08,

wEIGHT(520)= 8.57 E-07,
WEIGHT(476)= 3.35 E-08,
WEIGHT(398)= 7.00E-08,

WEIGHT(491j= 2.54E-07,
wEIGHT(526)= 5.83E-07,
wEIGHT(502)= 3.35E-03,
WEIGHT(503)= 1.68E-06,
WEIGHT(492)= 6.12E-04,
WEIGHT(493)= 5.30E-03,
wE1GHT(494)= 1.40E-04,
WE1GHT(495)= 1.06E-02,
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WEIGHT(497)= 1.29E-08,
WEIGHT(496)= 3.71E-02,
WEIGHT(505)= 1.68E-06,
WEIGHT(504) = 8,50E-09,
WE1GHT(506)= 6.1IE-07 ,
WE1GHT(500)= 1,77E-04, &
Water 1 1.49
Lead 14 1I .34

Iron 9
Alr 3

7.86
0.00122

Poly-C 6 0.0481

1Iron 9 7.86

Vehicle Surface - Side of the Truck at 1,25 m - Between 2 OverDacks

&lnput Next= 4, X = 125,37&

2 m from Vehicle Surf. Side of the Truck. 3.196 m - Between 2 OverPacks

&lnput Next= 4,X=319.6 &

Driver Location -0.729 m from Overpack - Overpacks in Front

&Inp.t Next= 4, X = 72.866 &
Cylindrical Source Geom - Dose Rate at 1 cm from top

&Input Next= 1, IGeom= 9, ICONC=O,

Slth= 2.619,
T(l)= 5.8,

T(2)= 1,271.

T(3j= 5,08,
T(4)= 50.193,

T(5)= 17.78,
T(6)= 0,262,

X=81,386, &
Water 1 I .49
Ire” 9 7.86
Lead 14 11.34

Air 3 0.00122
POly-C 6 0.0481

I Iron 9 7.86

Cylindrical Source Geom - Dose Rate at I cm from bottom

&Inp.t Next= 1, OPTION=O,
Slth= 2,619,
T(l)= 5.8,

T(2)= 4,763

T~3 j= 1. 178;
T(4)= 20.32,

T(5)= 14.0,
T(6)= 0,232,

X= 47.293, &
Water 1 1,49
Lead 14 11.34

Iron 9 7.86

Air 3 0.00122
Poly-C 6 0.0481

1Iron 9 7.86

&Input Next= 6 &

5.8.2 0.5 L Sample in Safesend

o 2 PIG O.5LSAMPLE
Cylindrical Source Geom - Dose Rate at 1 cm from side
&Input Next= I , ISpec= 3, IGeom= 7, ICONC=O, SFACT= 1, DUNIT=I,
NTheta=30, NPsi= 30, NShld= 6, JBufi 6, OPTION=],

Slth= 12.0,
Y= 6.00,
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T(I)= 5.15,
T(2)=22.607,
T(3)=0.949,
T(4)= 1.774,
T(5)=9.266,
T(6)=0.101,
X= 40.85,
wE1GHT(451) = 1.16E-05,
WEIGHT(472) = 1.74E-03,
WEIGHT( 27)= 5.56E-05,
WEIGHT( 82)= 1.59E+01,
WEIGHT( 84j = 1,59E+OI,
WEIGHT(102)= 2.57E-04,
wEIGHT(I03) = 2.02E-04,
WEIGHT(141) = 1.62E-01,
WEIGHT(170) = 3.41E-03>
WEIGHT(172j = 3.41E-03,
WEIGHT(206) = 1.52E-03.
WEIGHT(269j= 2.30E-02,
WEIGHT(270)= 1.25E-02,
WEIGHT(272)= 8.72E-05,
wEIGHT(274)= 1.22E-05,
WEIGHT(273)= 8.72E-05,
WEIGHT(290)= 8.64E-05,
WEIGHT(319)= 7,3IOE-03,
WEIGHT(335)= 5.56E-01,
wE1GHT(336)= 5.26E-01,
WEIGHT(388)= 1.70E-04,
WEIGHT(403)= 2.02E-01,
WE1GHT(408)= 1,76E-04,
WEIGHT(415)= 4.87E-02,
WEIGHT(418)= 5.64E-02,
WEIGHT(371)= 4,52E-08,
WEIGHT(450)= 1.34E-07,
WEIGHT(490)= 1.34E-02,
WEIGHT(533)= 2.33E-06,
WEIGHT(530)= 2.33E-06>
WEIGHT(519)= 2.46E-07,
WE1GHT(520)= 3.43E-06,
WEIGHT(476)= 1.34E-07,
WEIGHT(398)= 2.80E-07,
WEIGHT(491) = 1.02E-06,
WEIGHT(526j = 2.33E-06,
WEIGHT(502)= 1.34E-02.
WEIGHT?503j= 6.72E-06,
wE1GHT(492) = 2.45E-03,
WEIGHT(493) = 2.12E-02,
WEIGHT(494) = 5.60E-04,
WEIGHT(495) = 4.24E-02,
WEIGHT(497)= 5.16E-08,
wEIGHT(496) = 1.48E-01,
WEIGHT(505)= 6.72E-06,
WE1GHT(504)= 3.40E-08,
WEIGHT(506) = 2.44E-06,
WEIGHT(500) = 7.08E-04,&
Water 1 1.49
Air 3 0.00122
Iron 9
Air 3

7.86
0.00122

Poly-C 6 0.0481

IIron 9 7.86

VehicleSurface- Side of the Truck at 1.25m - Between 2 OverPacks
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&Input Next= 4,X = 125.37&

2 m from VehicleSurf- Side of the Truck -3.196 m - Between 2 Overpacks

&Input Next= 4,X = 319.6&

Driver Location -0.729 m from Overpack - Overpacks inFront
&InputNext=4,X = 72.866&
CylindricalSourceGeom- DoseRateat 1cmfromtop
&InputNext=1, IGeom=9,
Slth=5.15,
T(l)= 6.0,
T(2)=26.02,
T(3j= 0.796,
T(4)= 32.728.

T~5j= 17.78,
T(6)= 0.101,

X= 84.425, &
Water I 1.49

Air 3 0.00122
Iron 9 7.86
Air 3 0.00122
Poly-C 6 0.048
IIron 9 7.86
CylindricalSourceGeom- DoseRateat 1m frombottom
&InputNext=1,
Slth=5.15,
T(l)= 6.0,
T(2)= 5.27,
T(3)=0.766,
T(4)=20.32,
T(5)= 14.0,
T(6)=0.101,
x= 47.457,&
Water I 1.49
Air 3 0.00122
Iron 9 7.86
Air 3 0.00122
Poly-C 6 0.0481
1Iron 9 7.86
Endof Input
&Input Next= 6 &

5.8.3 l.OLSample in Safesend

o 2 PIG IL SAMPLE
CylindricalSourceGeom- DoseRateat 1cmfromside
&lnput Next= 1, lSpec= 3, lGeom= 7, lCONC=O, SFACT= 1,DONIT=t,
NTheta=30, NPsi=30, NShld= 6, IB.f= 6, OPTION=l,

Slth= 12.0,
Y= 6.00,

T(I)= 5.15,
T(2)= 22.607,

T(3)= 0.949,
T(4)= 1.774,
T(5)= 9.266,
T(6)= o. 10I,

X= 40.85,
wEIGHT(451) = 2.31 E-05,

wEIGHT(472) = 1.71 E-03,
WEIGHT(27) = 1. IIE-04,
WE1GHT(82) = 1.56E+OI,

WEIGHT( 84) = 1.56E+OI,
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WEIGHT(I02) = 5.14E-04,
WEIGHT(103) = 4.05E-04,
wEIGHT(141) = 3.24E-01,
WEIGHT(170) = 3.37E-03,
WEIGHT~172j = 3.37E-03,
WEIGHT(206) = 3.04E-03,
WEIGHT[269) = 2.27E-02,
WEIGHT(270j= 2.50E-02,
wEIGHT(272)= 1.74E-04,
WEIGHT(274)= 2.44E-05,
wEIGHT(273)= 1.74E-04,
WEIGHT(290)= 1.73E-04,
WEIGHT(319j = 7.28E-03,
WEIGHT(335) = 5.53E-01.
WEIGHTt336j = 5.23E-01,
WEIGHT(388) = 3.39E-04,
WEIGHT(403) = 4.03E-01,
WEIGHT(408) = 3.5lE-04,
wEIGHT(4I 5) = 4.84E-02,
WEIGHT(4I8) = 1.13E-01,
WEIGHT(371) = 9.04E-08,
wEIGHT(450) = 2.68E-07,
WEIGHT(490) = 2.68f3-02,
WEIGHT(533) = 4.66E-06,
WEIGHT(530) = 4.66E-06,
WEIGHT(519) = 4.93E-07,
wEIGHT(520) = 6.86E-06,
WEIGHT(476) = 2.68E-07,
WEIGHT(398) = 5.60E-07,
WEIGHT(491) = 2.03E-06,
WEIGHT(526) = 4.66E-06,
WEIGHT(502) = 2.68E-02,
WEIGHT(503) = 1.34E-05,
WEIGHT(492) = 4.90E-03,
WEIGHT(493) = 4.24E-02,
wEIGHT(494) = 1.12E-03,
WEIGHT(495) = 8.48E-02,
WEIGHT(497) = 1.03E-07,
WEIGHT(496) = 2.97E-01,
wEIGHT(505) = 1.34E-05,
WEIGHT(504) = 6.80E-08,
WEIGHT(506) = 4.89E-06,
WEIGHT(500) = 1.42E-03,&
Water 1 1.49
Air 3 0.00122
Iron 9 7.86
Air 3 0.00122
Poly-C 6 0.0481
lhon 9 7.86
Vehicle Surface- Side of the Truck at 1.25m - Between2 Overpacks
&InputNext= 4,X = 125.37&
2 m from Vehicle Surf- Side of the Truck -3.196 m - Between 2 OverPacks

&Inp.t NexP4, X=319.6 &
Driver Location -0.729 m from Oveqmck Overpacks in Front
&Inp.t Next= 4, X = 72.866 &

Cylindrical Source Geom - Dose Rate at 1 cm from top
&Input Next= 1, lGeom= 9,

SIth=5.15,
T(l)= 12.0,

T(2)= 17.02.

T(3j= 0.796;
T(4)= 32.728,
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T(5)= 17.78,
T(6)=0.10I,
X= 81.425,&
Water 1 1.49
Ab 3 0.00122
Iron 9 7.86

Air 3 0.00122
Poly-C 6 0.048
lIrOn 9 7.86

Cylindrical Source Geom - Dose Rate at I cm from bottom
&lnput Next= 1,

Slth= 5.15,
r(l)= 12.0,
T(2)=5.27,
T(3)=0.766,
T(4)=20.32,
T(5)= 14.0,
T(6)=0,101,
x= 53.457,&
Water 1 1.49
Alr 3 0.00122
Iron 9 7.86
Air 3
PoIv-C 6

0.00122
0.0481

lIrO~ 9 7.86

End of Input

&lnput Next= 6 &

5.8.4 0.5LSample in Steel Pig(Activi@ Four Times 0.125LSample), Radial Model

o 2 Steel Pigin Pig Container with 500ml Sample

Cylindrical Source Geom - Dose Rate at I cm
&Inp.t Next= 1, ISpec=3, lGeom=7, ICONC=O, SFACT= 4, Do141T=I,

NTheta=30, NPsi=30,NShld= 6, JBuf=6, OPTION=l,
Slth=8.66,
Y= 4.333
T(l)= 4.286,
T(2j= 4,946,
T(3)=21.117,
Tj4j=o.131, ”
T(5)=9.266,
T(6)= 0.10 I,
x= 40.85,
WEIGHT(451)= 2.89E-06,
wE1GHT(472)= 9.69E-04,
WEIGHT= 1.39E-05,
WEIGHT= 8.82 E+O0,

WEIGHT= 8.82E+O0,
WEIGHT(I02)= 6.43 E-05,

wEIGHT(I03)= 5.06E-05,

WEIGHT(141)= 4.05E-02,
WEIGHT(170)= 1.90E-03,
wEIGHT(172)= 1.90E-03,
wEIGHT(206)= 3.80E-04,
WE1GHT(269)= 1.28E-02,
WE1GHT(270)= 3.12E-03,
WEIGHT(272)= 2.18E-05,
WEIGHT(274)= 3.05E-06,
WEIGHT(273)= 2.18E-05,
WEIGHT(290)= 2.16E-05,
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WEIGHT(319)= 4.09E-03>
wEIGHT(335)= 3.II E-01,
WEIGHT(336)= 2.94E-01,
wEIGHT(388)= 4.24E-05,
WEIGHT(403)= 5.04E-02,
WEIGHT(408)= 4.39E-05,
WEIGHT(415)= 2.72E-02,
wEIGHT(418)= 1.41E-02,
WEIGHT(371)= 1.13E-08,
WEIGHT[450)= 3.35E-08,
WEIGHT(490j= 3.35E-03,
WEIGHT(533)= 5.83E-07,
WEIGHT(530)= 5.83E-07,
WEIGHT(519)= 6.16E-08,
WEIGHT(520)= 8.57E-07,
WEIGHT(476j= 3.35E-08,
WEIGHT(398)= 7.00!3-08.
WEIGHT(491j= 2.54E-07:
WEIGHT(526)= 5.83E-07,
WEIGHT(502)= 3.35E-03,
WEIGHT(503)= 1.68E-06,
WEIGHT(492)= 6.12E-04,
WEIGHT(493)= 5.30E-03,
wEIGHT(494)= 1.40E-04,
WEIGHT(495)= 1.06E-02,
wEIGHT(497)= 1.29E-08,
WEIGHT(496)= 3.71E-02,
WEIGHT(505)= L68E-06>
WEIGHT(504)= 8.50E-09,
wEIGHT(506)= 6.IIE-07,
WEIGHT(500)= 1.77E-04, &
Water I 1.49
Iron 9 7.86

Air 3 0.00122
Iron 9 7,86
Poly-C 6 0.0481
lIrOn 9 7.86
Vehicle Surface - Side of the Truck at 1.25 m - Between 2 OverPacks

&Input Next= 4,X = 125.37&

2 m from Vehicle Surf- Side of the Truck. 3.196 m - Between 2 Overpacks

&InDut Next= 4, X = 319.6 &
Dri~er Location”- 0.729 m from Overpack - OverPacks in Front
&lnput Next= 4, X = 72.866 &

End of Input
&Input Next= 6 &

5.8.5 0.5 LSample in Steel Pig, Axial Model

o 2 SteelPi8with500mlSample

Cylindrical Source Geom Dose Rate at I cm above top
&lnput Next= 1, ISpec= 3, IGeom= 9, ICONC=O, SFACT= 4, DUNIT=I,
NTheta= 30, NPsi= 30, NShld= 6, JBuf= 6, OPTION=1,

Slth= 4.286,
T(l)= 8.66,

T(2)= 16.55,
T(3)= 4.445,
T(4)= 32.728,

T(5)= 17.78,
T(6)= 0.262,

X=81 .425,
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WEIGHT(451)= 2.89E-06 ,
WE1GHT(472)= 9.69E-04 ,
WEIGHT( 27)= 1.39E-05,
WEIGHT( 82)= 8.82E+O0,
WEIGHT( 84)= 8,82E+O0,
WEIGHT(I02)= 6.43E-05,
WEIGHT(I03)= 5.06E-05,
WEIGHT(141)= 4.05E-02,
WEIGHT(170j= 1.90E-03,
WEIGHT(172)= 1.90E-03.
WEIGHT~206j= 3.80E-04,
WEIGHT(269)= 1.28E-02,
WEIGHT(270)= 3.12E-03,
wEIGHT(272)= 2.18E-05,
WEIGHT(274)= 3.05E-06,
WEIGHT(273)= 2.18E-05,
WEIGHT(290)= 2.16E-05,
WEIGHT(319)= 4.09E-03,
WEIGHT(335)= 3.IIE-01,
WEIGHT(336)= 2.94E-01,
WEIGHT(388)= 4.24E-05,
WEIGHT(403)= 5.04E-02,
WEIGHT(408)= 4.39E-05,
WEIGHT(415j= 2.72E-02,
WEIGHT(418)= 1.41E-02,
WEIGHT?371j= 1.13E-08:
WEIGHT(450)= 3.35E-08,
wEIGHT(490)= 3.35E-03,
wEIGHT(533)= 5.83E-07,
WEIGHT(530)= 5.83E-07,
WEIGHT(519)= 6.16E-08,
WEIGHT(520)= 8.57E-07,
wEIGHT(476)= 3.35E-08,
WEIGHT(398)= 7.00E-08,
WEIGHT(491)= 2.54E-07,
WEIGHT(526)= 5.83E-07,
WEIGHT(502)= 3.35E-03,
WE1GHT(503j= 1.68E-06,
WE1GHT(492)= 6.12E-04,
WEIGHT(493)= 5.30E-03,
WEIGHT(494)= 1.40E-04,
WEIGHT(495)= 1.06E-02,
wEIGHT(497)= 1.29E-08,
WEIGHT(496)= 3.71E-02,
WEIGHT(505)= 1.68E-06,
WEIGHT(504)= 8.50E-09,
WEIGHT(506j= 6.IIE-07,
wEIGHT(500)= 1.77E-04,&
Water 1 1.49
Air 3 0.00122
Iron 3
Air 3

7.86

0.00122
POly-C 6 0.0481

IIron 9 7.86

End of Input

&lnput Next= 6 &
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5.8.6 LDUA Sampler, Radial Model

o 2 LDUA in Pig Container with 125 ml Sample

Cylindrical Source Geom Dose Rate at side

&Input Next= 1, lSpec= 3, IGeom=7, ICONC=O,SFACT=1,DUNIT=I,
NTheta=30, NPsi= 30, NShld= 6, JBu& 6, OPTION=I,
Slth=5.4193,
Y= 2.7097,
T(l)= 2.7096,

T(2)= t .00,
T(3)= 25.821,

T(4)= 0.949,

T(5)= 9.266,
T(6j= O.10I,
X= 40.85.

WEIGHT(451) = 2.89E-06 ,
WEIGHT(472) = 9.69E-04,
WEIGHT( 27)= 1.39E-05,
WEIGHT( 82)= 8.82E+O0>
WEIGHT( 84)= 8,82E+O0,
WEIGHT(I02) = 6.43E-05,
wEIGHT(I03) = 5.06E-05,
WEIGHT(I4 I) = 4.05E-02 ,
WEIGHT(170)= 1.90E-03,
WEIGHT(172) = 1.90E-03,
WEIGHT(206) = 3.80E-04,
WEIGHT(269) = 1.28E-02,
wEIGHT(270) = 3.12E-03,
WEIGHT(272j = 2. 18E-05 ,
WEIGHT(274) = 3.05E-06 ,

WEIGHT(273) = 2. 18E-05 ,
wEIGHT(290)= 2.16 E-05,

WEIGHT(319)= 4.09E-03,
WEIGHT(335)= 3. II E-01,

WEIGHT(336)= 2.94E-01,
wEIGHT(388)= 4.24 E-05,
WEIGHT(403)= 5.04E-02,

WEIGHT~408j= 4.39E-05,
WEIGHT(415)= 2.72E-02,
WEIGHT(418)= t.41E-02,
WEIGHT(371)= 1.13 E-08,

WEIGHT(450)= 3.35E-08,

WEIGHT(490)= 3.35E-03,
WEIGHT(533)= 5.83E-07,
WE1GHT(530)= 5.83E-07,
WEIGHT(519)= 6.16E-08,
WEIGHT(520)= 8.57E-07,
WEIGHT(476)= 3.35 E-08,
WEIGHT(398)= 7.00 E-08,

wEIGHT(491)= 2.54E-07,
WEIGHT(526j= 5.83E-07,
WEIGHT(502)= 3.35E-03,
WEIGHT(503j= 1.68E-06,
WE1GHT(492)= 6.12E-04,
WE1GHT(493)= 5.30E-03,
WEIGHT(494)= 1.40E-04,
wEIGHT(495)= 1.06E-02,
wEIGHT(497)= 1.29E-08,
WEIGHT(496)= 3.71E-02,
WEIGHT(505)= 1.68E-06,
WEIGHT(504)= 8.50E-09,
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WEIGHT(506)= 6.11E-07,
WEIGHT(500)= 1.77E-04, &
Water 1 I.49
Lead 14 11.34
Air 3 0.00122
Iron 9 7.86
PoIv-C6 0.0481
I Ire; 9 7.86

Vehicle Surface - Side of the Truck at 1.25 m - Between 2 Overpacks

&lntmt Next= 4, X = 125.37&

2 m“from Vehicle Surf- Side of the Truck -3.196 m - Between 2 OverPacks

&lnput Next= 4,X=319.6 &

Driver Location -0.729 m from Overpack - OverPacks in Front
&Input Next= 4,X = 72.866&

End of Input

&Input Next= 6 &

5.8.7 LDUA Sampler, Axial Model

o 2 LDUAin Pig Container with 125 ml Sample

Cylindrical Source Geom - Dose Rate at 1 cm above top

&Input Nex& 1, ISpec= 3, IGeom= 9, lCONC=O, SFACT= 1, DUNIT=l,

NTheta= 30, NPsi= 30, NShld= 6, JBu& 6, OPTION=I,
Slth=2.7096,
T(l)= 5.4193,
T(2)= 1.00,
T(3)=21.6007,
T(4)=0.635,
T(5)=50.508>
T(6)=0.262,
X= 80.425>
WEIGHT(451) = 2.89E-06,
wE1GHT(472) = 9.69E-04,
WEIGHT<27j = 1.39E-05,
WEIGHT( 82)= 8.82E+O0.
WEIGHT? 84j = 8.82E+O0 ;
WEIGHT(I02) = 6.43E-05 ,

WEIGHT( 103)= 5.06E-05 ,
WEIGHT(141) = 4.05E-02 ,
WEIGHT(170) = 1.90E-03 ,

WEIGHT(1 72)= 1.90E-03 ,
wEIGHT(206) = 3.80E-04 ,
WEIGHT(269j = 1.28E-02 ,

WEIGHT(270) = 3. 12E-03 ,
WE1GHT(272) = 2. 18E-05 ,
WE1GHT(274) = 3.05E-06 ,
WEIGHT(273) = 2. 18E-05 ,
WEIGHT(290) = 2. 16E-05 ,
WEIGHT(31 9)= 4.09E-03 ,

WEIGHT(335) = 3. I IE-01 ,
wEIGHT(336)= 2.94 E-01,
WEIGHT(388)= 4.24 E-05,
WEIGHT(403)= 5,04 E-02,
WEIGHT(408)= 4.39E-05,

WEIGHT(415)= 2.72E-02,
WEIGHT(418)= 1.41 E-02,

wEIGHT[371)= 1.13 E-08,
WEIGHT(450j= 3.35E-08,
wE1GHT(490)= 3.35E-03,
WE1GHT(533)= 5.83E-07,
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WEIGHT(530)= 5.83E-07,
WE1GHT(519)= 6.16E-08,
WE1GHT(520)= 8.57E-07,
WE1GHT(476)= 3.35E-08 ,
WE1GHT(398)= 7.00E-08,
wEIGHT(49I) = 2.54E-07,
wEIGHT(526)= 5.83E-07,
WE1GHT(502)= 3.35E-03 ,
WE1GHT(503)= I.68E-06,
WE1GHT(492)= 6.12E-04,
WEIGHT(493)= 5.30E-03,
WEIGHT(494)= 1.40E-04,
WEIGHT(495)= 1.06E-02,
WEIGHT(497)= 1.29E-08,
WEIGHT(496)= 3.71E-02,
WEIGHT(505j= 1,68E-06,
WEIGHT(504)= 8.50E-09.
WEIGHTt506j= 6.I lE-07 ,
WEIGHT(500)= 1.77E-04, &
Water I I.49
Lead 14 11.34
Air 3 0.00122
Iron 9
Air 3

7.86
0.00122

1Iron 9 7.86
End of Input
&InputNext= 6 &
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@; (-HEcKLlsTF(_jRcHEc~N(j oFANALysls/calculations

Document Number/Revision: HNF-SD-TP-SARP-OO1

)ocument Title: Shielding Evaluations for Steel Pig and LDUA Sampler

Yes No NIA

[xl [1 [1 Problem completely defined.

[xl [1 [1 Appropriate analytical method uaad.

[xl [1 [1 Neceaaa~ aaaumptiona are appropriate and explicitly stated.

[xl [1 [1 Computer codes and data files documented.

[xl [1 [1 Data used in calculation explicitly stated in document.

[xl [1 [1 Sources of non-standard formulaldata are referenced and the correctness of the

reference verified.

[XI [1 [1 Data checked for consistency with original source information as applicable.

[xl [1 [1 Mathematical derivations checked including dimensional consistency of results.

[x] [1 [1 Models appropriate and used within range of validity or uae outside range of

,eatablished validity justified.

[1 [1 [xl Hand calculations checked” forerrora.

[xl [1 [1 Code run streams correct ,and consistent with analysis documentation.

[xl [1 [1 Code output conaialent with input and with results reported in analyaia

documentation.

[xl [1 [1 Acceptatili~ hmitson anal~ical rewltaappficable andwppo~ed. Limits

checked againat sources.

[xl [1 [1 SafeW Margins consistent with good engineering practices.

[xl [1 [1 Conclusions consistent with analytical re,eults and applicable limits.

[xl [1 [1 Results and conclusions sddreaa all peints required in the problem statement.

have checked the analysislcalculation and it ia complete and accurate to the beat of my

mowledge.
./- ../ %

%gineer/Checker ‘.....- <.~- Q.Ac&k/Date 1115/99

10TE: Any hand calcul~idn~e

—————.—

summaries generated as part of this check should be signed,

Iated, andattached tothischeckliat. Material ahouldbe labeled atirecorded aothatit isintelhgibIe

o a technically qualified third party.

ww.-
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6.0 CRITICALITY EVALUATION

6.1 DISCUSSION AND RESULTS

Table B6-1 shows that the total quantity of fissile material contained in the 0.125 L
sample volume isO.1 g. Because thetotal quantity of fissile material islessthan15g, the
sample is tissile excepted per 49 CFR 173.453(a), and no further analysis is required to address
criticality concerns.

Table B6-1. Sample Pig Trrmsport System Fissile Material
Inventory for 0.125 L Sample Volume.

Isotope

% ‘:? g

Quantity

233 u 2.28 E+03 6.16 E-OS 9.70 E-03 6.35 E-06

235u 1.24 E+03 3.35 E-OS 2.20 E-06 1.52 E-02

238PU 2.26 E+07 6.12 E-04 1.70 E+O1 3.60 E-05

239PU 1.96 E+08 5.30 E-03 6.20 E-02 8.55 E-02

24’PU 3.92 E+08 1.06 E-02 1.00 E+02 1.06 E-04

Total 1.01 E-01

The 0.5 L and 1 L sample source terms are four and eight times the activity of the
0.125 L sample, except for strong beta and gamma emitters, as indicated in Table B2-3, when
shipped in the Safesend. Therefore, the fissile material quantities in the 0.5 L and 1 L sample
volumes are 0.4 g and 0.8 g, respectively, which are also tissile-excepted quantities (Part B,
Section 9.0).

6.2 REFERENCE

49 CFR 173, “Shippers--General Requirements for Shipments and Packaging,” Code of Federal
Regulations, as amended.
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@ CHECKLIST FOR CHECKING OF ANALYSiS/CALCULATIONS

Document Number/Revision: HNF-SD-TP-SARP-OO1

Document Title: Safety Analysis Report for Packegirw (Onsite) Sample Pig Transport System

Section: Criticality Evaluation (Section 6.0)

Yes No N/A

[x] [] [1 Problem completely defined.

[xl [1 [1 Appropriate analytical method used.

[x] [] [1 Necessary assumption are appropriate and explicitly statad.

[1 [1 [xl Computer codes and data files documented.

[xl [1 [1 Data used in calculations explicitly stated in document.

[1 [1 [x] Sources of non-etandard formulaldata are referenced and the correctness of

the reference verified.

[x] [1 [1 Data checked for consistency with original source information as applicable.

[xl [1 [1 Mathematical derivations checked including dimensional consistency of

results.

[1 [1 [xl Models appropriate and used within range of validity or use outside range of

established validity justified.

[xl [1 [1 Hand calculations checked for errors.

[1 [1 [xl Code run streama correct and consistent with analysis documentation.

[1 [1 [xl Code output consistent with input and with results reported in analysis

documentation.

[1 [1 [xl Acceptability limits on analytical results applicable and supported. Limits

checked against sources.

[xl [1 [1 Safety Margins consistent with good engineering practices.

[xl [1 [1 Conclusions consistent with analytical results and applicable limits.

[x] [1 [1 Results and conclusions address all pointa required in the problem statement.

I have checked the analysis/calculation and it is complete and accurate to the best of my

knowledge.

Engineer/Checker Anthony V. Savino ti Date 1/1 5/99
J

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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7.0 STRUCTURAL EVALUATION

7.1 INTRODUCTION

This section presents the structural analysis of the Sample Pig Shipping Container System
and all associated lifting attachments. Tiedown assemblies are discussed in Part B, Section 10.0,
because they are not a structural part of the package. Thk section demonstrates the Sample Pig
Shipping Container System meets the intent of10CFR71 requirements based on the analyses
herein and drop testing performed on the package (WHC 1995).

7.2 STRUCTURAL EVALUATION OF PACKAGE

7.2.1 Structural Desigu and Features

As discussed in Part A, Section 2.0, the Sample Pig Shipping Container consists of
multiple packaging. Of those multiple packaging two constitute a Type B NRC-certified
packaging (USA/9070/B(U)), the 208 L (55-gal) (UN1A2) drum and N-55 overpack. The inner
container is an onsite container used to transport onsite tank waste samples.

The primary containment for the Sample Pig Transport System is the Sample Pig
Shipping Container. The 208 L (55-gal) (UN1A2) drum is considered secondary confinement in
this system. The N-55 overpack acts as an impact limiter in the Sample Pig Transport System.
The foam inner spacer around the Sample Pig Shipping Container inside of the 208 L (55-gal)
(UN1A2) drum, provides additional cushioning.

The Sample Pig has a lead lid with a locking safety pin. The Steel Pig is a SS shielded
pig with a bolted lid. The Sample Pig Shipping Container is sealed with a Neoprene O-ring and
the lid is bolted with eight hex-head SS bolts. The 208 L (55-gal) (UN1A2) drum is sealed with
a gasket and a bolted lock ring is tightened around the outside of the drum lid. The N-55
overpack has a Neoprene gasket at the stepped joint between the upper and lower section of the
overpack. Four toggle clamps on the outside of the N-55 overpack connect the upper aud lower
sections.

7.2.2 Mechanical Properties of Materials

Mechanical properties of the materials are detailed in Table B7-1
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Ta

Material description

Galvanized steel

ASTM A312304L SS pipe

ASTM A 182 Grade F 304L
SS pipe flange

ASTM A240304L SS plate

ASTM A193 Grade B8 304
SS bolting material

>B7-1. Mecha

Temperature
“C~F)

38 (100)
93 (200)
149 (300)

38 (100)
93 (200)
149 (300)

38 (100)

93 (200)
149 (300)

38 (100)
93 (200)
149 (300)

38 (100)
93 (200)
149 (300)

ASTM= AmericanSocietyforTestingandN
SS = stainlesssteel

cal Properties

Yield S

MPa (ks~)

248 (36)

172 (25)
148 (21.4)
132 (19.2)

172 (25)
148 (21 .4)
132 (19.2)

172 (25)
147 (21.3)
132 (19.1)

207 (30)

Ierials

Materials.

UltimateS.
MPa(ksi)

414 (60)

483 (70)
456 (66.2)
420 (60.9)

448 (65)
424 (61 .5)
390 (56,5)

4g3 (70)
456 (66,2)
420 (60.9). .
517 (75)

Allowable S~
MPa (ksi)

110(16)
110(16)
110(16)

115 (16,7)
115(16,7)
115 (16.7)

115 (16.7)
115 (16.7)
115 (16.7)

115 (16.7)

115 (16.7)

115 (16.7)

69 (10)

8.3 (57)

7.5 (52)

“,
/.2.3 Chemical and Galvanic Reactions

The materials of fabrication for the containment vessel, Sample Pig Shipping Container
(i.e., SS, lead, and Viton) will not cause significant chemical, galvanic, or other reactions with
each other or with the contents.

7.2.4 Size of Package and Cavity

The overall size of the package is detailed in Part A, Section 2.0. The size of the contents
cavity is the cavity of the Sample Pig Shipping Container, which is 20.27 cm (7.98 in.) inside
diameter (ID) by 33.34 cm (13. 125 in.) high.

7.2.5 Weights and Centers of Gravity

The approximate weight of each component of the Sample Pig Transport System areas
shown in Table B7-2.
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Table B7-2. Sample Pig Transport System Weights.

Packaging component Weight, kg (lb)

N-55 overpack I 90.9 (200) I

208 L (55-gal) (UN1A2) drum (with foam spacer) 79.6 (175)

Sample Pig Shipping Container 45.5 (loo)

Samule Piz* 45.5 (100)

Total 261.4 (575)

*The Steel Pig weisht of 38.6 kg (S5 lb) is bounded by the weight of the Sample Pig.

The center of gravity located at the center of the packaging system in the X direction and
58.42 cm (23 in.) from the bottom in the Y direction. See Part B, Section 7.6.1.1 for the
calculation.

7.2.6 Tamper-Indicating Feature

The N-55 overpack tamper-indicating feature is evidence tape which is placed over the
joint between the top and bottom overpack shells. When intact, the tape provides evidence that
the package has not been opened by unauthorized persons.

7.2.7 Positive Closure

The Sample Pig Transport System must have a positive fastening device which cannot be
inadvertently opened [10 CFR 7 1.43(c)]. The Sample Pig Shipping Container has a bolted lid
with eight 1.3 cm (0.5 -in.) bolts torqued to 27.12 N-m (20 ft-lb). The 208 L (55-gal) drum lid
has a locking ring bolt that is torqued to 54.23 N-m (40 ft-lb). The N-55 overpack is securely
closed with four toggle clamps.

7.2.8 Lifting and Tiedown Devices

The four lifdng locations on the N-55 overpack have previously been approved for a
gross weight of 341 kg (750 lb) (NuPac 1987). The Sample Pig Transport System authorized
gross weight 273 kg (600 lb) is Ioweq therefore, the lifhg locations meet the 10 CFR 71 .45(a)
requirement.

The Lifting and Tiedowrr Yoke Arrangement Drawing (H-2-99129, Part A, Section 9.2)
have been shown to meet this requirement for the purposes of lifdng the package onto and off the
transporter (Part B, Section 7.6.1.2).

There are no tiedown devices that area structural part of the package.
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7.2.9 Brittle Fracture

The Sample Pig, Steel Pig, and Sample Pig Shipping Container are made of austenitic SS
and lead. The steel remains ductile at -40 “C (-40 “F) (1O CFR 71.71 [c][2]). The bolts are
carbon steel and less than 3 cm (1 in.) in diameter, so brittle fracture of the bolts is not a concern
at these temperatures as stated in ASME Section III Division 1, SubsectionNB-2311 (a)(2).
Lead is not susceptible to brittle fracture at this temperature. The O-ring for the Sample Pig
Shipping Container is fabricated of Neoprene, which has a performance temperature range of
-55 “C (-67 “F) through 140 “C (284 ‘F).

7.3 NORMAL TRANSFER CONDITIONS

7.3.1 Conditions to be Evaluated

Normal conditions of transport per 10CFR71 list conditions to be evaluated and their
acceptance criteria. The following conditions evaluated are scenarios and tests to simulate the
affects normal conditions of transport have on the package.

Free drop from 1.2 m (4 ft) onto an unyielding surface in an orientation as to cause
maximmn damage.

Vibration normally incident to transportation.

The application of a uniform load of five times the package weight, in the orientation of
transport.

Penetration ofa6kg(13 lb), 3.2 cm (1 .25 in.) diameter rod 101.6 cm (40 in.) onto the
package.

The application of water spray that simulates rainfall of approximately 5.08 cm (2 in.) per
hour for a least one hour.

The above loading cases must be applied with both hot and cold environmental
conditions and in combination with the increased and decreased external pressurization.

7.3.2 Acceptance Criteria

Under the normal conditions of transport listed above, it must be demonstrated that the
Sample Pig Shipping Container maintains containment and shielding of the tank waste sample.

Criteria based on the NRC Regulatory Guides requires the Sample Pig Shipping
Container stresses to remain elastic, with adequate safety margins. The allowable stresses were
determine for the ASME B&PV Code, Section II.
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7.3.3 Structural Model

Conservative, classical methods of analysis were used to evaluate the stresses induced in
the Sample Pig Shipping Container during normal condhions of transport. Classical modelling
techniques were also used in conjunction with the analytical methods. Free body diagrams and
text, throughout the analyses (Part B, Section 7.6.1) explain how each type of loading was
modeled and evaluated. CASKDROP models (PacTec) were used to determine the g-loading
based on the crush from the 9 m (30 ft) drop testing. Although, the 9 m (30 ft) drop is accident
conditions, it is a worst case drop and therefore is used to demonstrate the 1.2 m (4 ft)
requirement is met.

7.3.4 Initial Conditions

The Sample Pig Shipping System was evaluated per 10 CFR 71 conditions (NuPac 1987)
and Hanford Site Conditions (Part B, Section 8.0) The initial condition stresses due to thermal
loading are added to the normal conditions of transport conditions.

Per 10 CFR 71, the initial conditions for normal conditions of transport for analysis are

defined as ambient temperatures bet~een -40 ‘C (-40 ‘F)~d37.3~C(100 “F). Hanford ambient

temperatures are between and -32.7 C (-27 ‘F) and 46.11 F(115 F). The initial internal
pressure within the containment system must be considered to be the maximum normal operating
pressure, unless a lower internal pressure consistent with the ambient temperature considered to
precede and follow the test is more unfavorable.

7.3.4.1 Environmental Heat Loading.

7.3.4.1.1 Hot. The “hot” heat loading required to be evaluated for onsite packages is at

46.1 ‘C(115 F), in still air with solar insolation.

The maxim~ Sample Pig Shipping Container temperature due to insolation and decay

heat is 87.22“C(189 F). Stresses in the wall of the Sample Pig Shipping Container are
negligible due to thk temperature rise.

7.3.4.1.2 Cold. The “cold heat loading required to be evaluated for onsite package is at

-32.77 “C (-27 ‘F), in still air and shade.

The temperatures of the Sample Pig Shipping Container will reach the -32.77 “C (-27 ‘F)
during steady state for this conditions. Stresses due to this temperature are also negligible in the
Sample Pig Shipping Container.

7.3.4.2 Maximum Pressure Stresses. Calculations and testing were performed to determine
resulting stresses encountered on the endplate, cylinder wall, welds, and flange bolts of the
Sample Pig Shipping Container when subjected to a reduced external pressure of 3.5 psa
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absolute (Part B, Section 7.6.1.3). All results of calculations show a large margin of safety over
the allowable limits. This is a bounding case between the reduced and increased external
pressure.

7.3.5 Structural Evaluations and Conclusions

7.3.5.1 Free Drop. The Sample Pig Transport System was dropped from a height of 30 ft in
several orientations onto a hard unyielding surface (WHC 1995). After the package was
dropped, the Sample Pig Shipping Container was leak tested (WHC 1995) and met the
requirements for leaktight given in ANSI N1 4.5 of 1 x 10-7standard cc/s. By meeting the
requirements for leaktight following a 9 m (30 ft) drop, the container satisfies the requirements
for normal conditions of transport (1.2 m [4 ft] drop).

7.3.5.2 Vibration. The N-55 overpack is certified by the NRC, showing that it can withstand
vibrations under normal conditions. An evaluation of the closure bolts for normal conditions of
transport vibration was performed (Part B, Section 7.6.1.6) to demonstrate there is no lid
slippage or bolt fatigue that occurs during transport. Therefore, the Sample Pig Shipping System
satisfies the normal vibration requirements.

7.3.5.3 Compression. The N-55 overpack will support a uniformly distributed load, equal to
five times its fully loaded weight, or 1,701 kg (3,750 lb), without generating stress in any
packaging material in excess of its yield strength (NuPac 1987). Five times the allowable weight
of the Sample Pig Transport System is 1,361 kg (3,000 lb). Therefore this requirement is met.

7.3.5.4 Penetration. A 6 kg (13 lb) rod dropped from a height of 102 cm (40 in.) has negligible
effect on the N-55 overpack (NuPac 1987).

7.3.5.5 Water Spray. The surface of the overpack is galvanized steel and will not be adversely
affected by water. There are no places on the overpack where water could collect, freeze and
potentially damage the overpack. The N-55 overpack is certified under the NRC to provide
protection for this requirement.

7.4 ACCIDENT CONDITIONS

7.4.1 Conditions to be Evaluated

Hypothetical accident conditions per 10CFR71 list conditions to be evaluated and their
acceptance criteria. For hypothetical accident conditions the evaluation is based on the
sequential loadlng scenarios listed below
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. Free drop from 9 m (30 ft) onto an unyielding surface with the package oriented in such a
to cause the worst damage.

. Puncture drop of the package 101 cm (40 in.) onto a 15.24 cm (6 in.) diameter bar

. Exposure of the package to a 801.67 “C (1475 ‘F) fire for 30 minutes.

The above loading cases must be applied with the previous evaluated initial condition

stresses.

7.4.2 Acceptance Criteria

Under the hypothetical accident conditions listed above, it must be demonstrated that the
Sample Pig Shipping System maintain containment and shielding of the tank waste.

Criteria taken from the NRC Regulatory Guides requires the Sample Pig Shipping
Container stresses not to exceed the allowable in the area of containment closures. Stress
allowable used are from ASME B&PV Code Section II.

Leak testing after drop testing must meet a leak rate of 1.36 x 10-5cc/see, air or less.

7.4.3 Structural Model

Classical modeling tectilques were for the bolt evaluations and the CASKDROP
(PacTec) finite element modeling program was used for the g-loading evaluation.

7.4.4 Initial Conditions

Initial conditions required for hypothetical accident conditions per 10CFR71 are
identical to those required by normal conditions of transport.

7.4.4.1 Heat Loading. The heat loading during the impact scenarios also coincides with the
normal conditions of transport. Stresses related to the tire temperature loadhg on the package is
negligible (Part B, Section 7.4.5). The tire accident condition temperatures do not affect the
material nor add any additional stresses to evaluate.

7.4.4.2 Maximum Pressnre Stresses. The maximum pressure stresses are the same as the
maximum pressure stresses for normal conditions of transport.
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7.4.5 Structural Evaluation and Conclusions

The Sample Pig Shipping System has been demonstrated by drop testing and verification
analysis to maintain contaimnent after hypothetical accident conditions.

7.4.5.1 Free Drop. The Sample Pig Transport System was dropped 9 m (30 ft) in several
orientations onto a hard unyielding surface. The overpack received only superficial damage.
The Sample Pig Shipping Container (primary containment vessel) received no damage,
maintained its contents and successfully passed a leak test following the drop (WHC 1995). The
leak rate was 1 x 10-7 cc/see which is 2 orders of magnitude lower than the required leak rate of
1.36 x 10-5 cc/see, air.

AU evaluation was performed to determine the g-loading from this 9 m (30 ft) drop
(Part B, Section 7.6.1.4). This g-loading was then used to evaluate the affects the drop has on
the closure bolts (Part B, Section 7.6.1.5).

7.4.5.2 Puncture. The N-55 overpack successfully passed the puncture test when tested by
Nuclear Packaging for certification of Type B solids (NuPac 1987). Effects to the Sample Pig
Shipping Container for liquids would be negligible, and less severe than caused by the 9 m
(30 ft) drop.

7.4.5.3 Thermal. The ability of the package to retain its contents and provide adequate
shielding through the hypothetical accident thermal event is demonstrated in Part B, Section 8.0.
The maximum temperature that the Sample Pig Shipping Container reaches, which occurs 12

hours after theefire is extinguished, is81. 11 ‘C (178 ‘F). This temperature is lower than the

87.22 ‘C ( 189 F) that the Sample Pig Shipping Container (containment boundary) reaches
during normal conditions, therefore, the stresses will be less.

7.4.5.4 Immersion - Fissile Material. Authorized contents for the Sample Pig Transport
System include only fissile-excepted materials, therefore this immersion does not apply.

7.4.5.5 Immersion - All Packages. Water immersion has no effect on the Overpack, therefore
it will have no effect on the packaging system (NuPac 1987).

7.5 REFERENCES

10CFR71, “Packaging and Transportation of Radioactive Material,” Code ofFederal
Regulations, as amended.

49 CFR 173, “Transportation,” Code of Federal Regulations, as amended.

ANSI, 1987, American National Standard for Radioactive Materials - Leakage Tests on
Packages for Shipment, ANSI N14.5, American National Standards Institute, New York,
New York.
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ASME, 1995, Boiler and Pressure Vessel Code, Section II, American Society of Mechanical
Engineers, New York, New York.

NRC, 1987, Certificate of Compliance for the NuPac Model N-55 Overpack, COC Number 9070,
Docket Number 71-9070, U.S. Nuclear Regulatory Commission, Washington, D.C.

NuPac, 1987, Application for NRC Cert@ate of Compliance Authorizing Shipment of Nuclear
Materials in NuPac Model N-55 Packaging, Nuclear Packaging, Incorporated, Federal
Way, Washington.

7.6 APPENDICES

7.6.1 Design Calculations

7.6.1.1 Weights and Center of Gravity Calculation. Thedesignweight andvertical centerof
gravity location oftie Saple Pig Transpofi System aeshom below. The SamplePig
configuation consist ofa Smple Pig Container camiedinside mintemal spacer assembly. This
assembly is contained in the 208 L (55-gal) (UN 1A2) drum which is the inner portion of the
N-550verpack system. Figme B7.6.1.1-l gives thegeneral ammgement of thepackage
configuration with associated dimensions. Table B7.6.l.l-l contains detailed weight and
dimensional data fromwhich thepackage center ofgravity was calculated. Thecenter of gravity

dimension, YCG becomes:

YCG = 23.0 in.

For the loading conditions to be evaluated, the weight of the tiedown frame must also be
included in the center of gravity determination because the acceleration experienced by the N-55
will be experienced by the frame.

The frame is made up of 3 x 2 rectangular structural tubing (0.64 cm [0.25 in.] wall
thickness) with four J bolts and four eye bolts attached to the frame ends. Total weight of the
tiedown frame is approximately 27 kg (60 lb) with its center of gravity 1.5 in. above the bottom
of the frame beams. Themoment to be added to the above calculations is (48 in. + 1.5 in.) (60 lb)
= 2,970 in-lb. The vertical center of gravity dimension YCG, when the frame is included in the
calculation becomes:

YCG = 23.86 in
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Figure B7.6. 1.1-1. Sample Pig Arrangement.

T

Table B7.6. 1.1-1. Vertical Center of Gravity Location,

Sample Pig Transport System.

Component
Weight

Distance

(lb)
from base Moment

(in.)

N-55 overpack 200.0 24.0 4800.0

17H 208 L (55-gal) (UN1A2) drnm 55.0 23.0 1265.0

Spacer assembly 120.0 23.0 2760.0

Sample Pig Container 100.0 22.9 2290.0

Sample Pig with contents 125.0 21.0 2625.0.-

Totals 600.0 ----- 13740.0

Center of gravity dimension (in.) 23.0
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7.6.1.2 Lifting Analysis. The N-55 package containing the Sample Pig Transport System is
lifted onto its transport vehicle by a lift assembly. The lifting portions of the assembly include
the frame and J-bolts which are used to lift the upper half of the overpack. The lifting loads and
stresses are determined below.

7.6.1.2.1 Lifting Devices. The tiedown frame can be used to lift the assembled N-55
package when loading or unloading the transport vehicle. The frame is attached to the N-55
lithg lugs by four J-bolts which bolt to the ends of the frame. However, the J-bolts are used
only to lift the top of the overpack during loadlng and unloading operations. The maximum load
on each J-bolt is 100/2 = 27.73 kg (50 lb). A loaded package could be lifted using straight rods
with clevis ends in place of the J-bolts. The following analysis shows that the frame assembly is
adequate to lift a loaded overpack.

The lifting load is conservatively assumed to be carried by two of the four bolt and clevis
assemblies. The load per bolt is then

W,= ~= 181.82 kg (400 lb)

This load is carried through the frame arms to the lifting U bolt welded to the center of
the frame.

The lifting induced stresses are calculated below and are to be compared with
manufacturer s working load limits for lifting hardware. These are normally 1/5 of breaking
loads. For the tiedown frame the working load limit is considered to be the lesser of 1/3 of
material yield stress or 1/5 of material ultimate stress. A Safety Margin, SM, will be calculated
to evaluate all stress calculations against the above allowable.

0,2 Fu or 0.33 F,
SM = lesser of: — —

f f

The frame is constructed of 3 x 2 structural tubing using A500 Grade B steel. Wall
thickness of the tubing is 0.64 cm (0.25 in.). Material yield stress, FY, is 290 MPa (42,000 psi)

and ultimate stress, F“, is 400 MPa (5 S,000 psi). A-36 steel is used for other parts of the tiedown
assembly. FY is 248 MPa (36,000 psi) and F. is 400 MPa (58,000 psi).

Based on the loads given above and the loading geometry, the lifdng load is considered to
be the worst case for the tiedown frame. Lifdng analyses for individual portions of the tiedown
frame are given below.

7.6.1.2.2 J-bolt. The J-bolts are constructed of A-36 %-in.-diameter rod. The J bend at
the end of the bolt has an inside radius of % in. The load per rod, WR, is assumed to be a
maximum of 23 kg (50 lb) as shown above. The J-bolts are not used to lift a loaded overpack.
Calculating the tensile stress in the bolt, the minimum tensile area of the bolt is 0.9155 cm2

F
(0.1419 in) at the threaded portion of the bolt (% in.-l3UNC).
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~,=%= 50— = 2.4 MPa (352 psi)
A 0.1419

SM= 11,600 =16,46

352

NOTE: The straight bolt which could replace the J-bolt for lifdng the loaded assembly would
be the same diameter as the J-bolt. Since it would experience a 182 kg (400 lb) load
rather than a 23 kg (50 lb) load, its Safety Margin would be 1/8 that of the J-bolt or
2.06.

The N-55 litilng lug is assumed to load the rod at the center of the curved portion of the
“J.” This results in a moment which can be assumed constant along the length of the bolt
includlng the threaded portion (if any) below the nut and washer on the top surface of the frame.
This is because the bolt hangs from the nut and passes through a hole in the lower fimne which is
considerably larger than the bolt diameter. The moment arm from the center of the lifting lug to
the centerline of the bolt is

L,,, =O.5 + ~ =1. 9 cm (0. 75 in.)
2

The section modulus of the bolt at the threaded area is

S_~d3_ ~ (0 425 )3=0,123 ,-m3(O,0075 in3)

32 32

where d is based on the tensile area given above.

The bending stress becomes:

—= 34 MPa (5,000 psi)S,_ M,_ 50(0 75)

s 0.0075

Combining the tensile stress with the tensile portion of the bending stress results in a total
tensile stress ofi

eS~ = S, + Sh = 352 + 5,000=36 MPa (5,352 psi)

If the moment can be shown not to reach the threaded portion of the bolt, the highest
stress area of the bolt is at the transition from the curved J to the straight shank of the bolt
The tensile area of the bolt at this location is 2.74 cm2 (0.425 in2) giving a tensile stress ofi

~,=fi= 50— = 1.8 MPa (255 psi)
A 0.1963
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Conservatively using a correction factor for curved beams from Formulasfor Stress and
Strain (Roark and Young 1975), Table 16, Case 2 with R/c= 0.75/0.25 =3.0, ki = 1.332 the
bending stress becomes:

S,= k,+ = 1.332== 28 MPa(4,061psi)

Combining the tensile stress with the tensile portion of the bending stress results in a total
tensile stress ofi

S,=s, +s, = 255 + 4061=30 ~p.(4316wd

Minimum Safety Margin from the two calculations shown above:

58,000

5 =2.17sM=—
5,352

Therefore, the J-Bolts meet 1/5 of S. by having a positive safety margin

The J-Bolts are also evaluated as shown in Section 7.6.1.2.7 to meet the Hanford Site
Hoisting and Rigging Manual (RL 1993).

7.6.1.2.3 Frame. The lifting load is carried from the frame ends where the bolts attach
to the center lifdng bail as shown in Figure B7.6. 1.2-1 below. The maximum moment in the
frame is:

M,, = w,, lJ = 400(16.9 = 746 N-m (6 600 i. -W

The structural tubing has a section modulus, Sx, of 9.48 cm3 (1.47 in3). The maximum
bending stress is then:

—= 31 MPa (4,490 psi)fh _ M,:_ 6600

s, 1.47

SM=II,600 =258

4,490

Therefore, the frame meets 1/5 S. by having a positive safety margin.

7.6.1.2.4. Lifting Bail. Thelifting bail isa U-bolt constructed of3/4in. rodwithan
inside diameter of2 in. Theradlus of thecenterline of the bail, R,isthenl.375 in. The U-bolt
material is A-36 steel.
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Figure B7.6.1.2-l. Tledown Frame.

w
A

L/

The U-bolt can be considered as of a chain link with a central stud j oining the two

sides of the link. This configuration ismalyzed by Practical Stress Analysis in~ngineering
Design (Blake 1960). Themaximum bending moment occurs atthepoint of loading.

Jfo=— WRC,

2

Where Cl is a function of the ratio L/R.

~, = (k+ 2)[k3 +6k’ +12k(4 - z) +48( z- 3)]

k’+ 4rrk3 + 48kz + 24rrk + 24(# - 8)

where k = L/R.
Substituting k = 2.5/1.375= 1.818 gives Cl = 0.459 and thus the maximum moment

becomes:
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~, = 800(1.375)(0,459)
= 28.5 N-m(252.5in-lb)

2

Similarly, a tensile load, H, is produced at the point of loading

where CZ is given by:

12(k -t 2)[(z - 2)k + 2(4 - z)]

c’ = k~ + 4Z k’ + 48k’ + 24z-k + 24(z2 - 8)

Substituting gives CZ = 0.407 and the tensile load becomes:

H = 800(0.407)
= 724 N (162.8 lb)

At the point of loading, on the outer surface the maximum tensile stress is due to both the
tensile loading, H, and the moment, Mo. The stress due to H is:

~, = ; – 16.28– 2.5 A4Pa (368.5 psi)
0.442

The bending stress can be calculated for a curved beam using Formulas fo? Stress and
Strain (Roark and Young 1975) Table 16, Case 2 with R/c= 3.67. The correction factor for the
inner surface is by interpolation, ki = 1.24. The section modulus of the bail is:

s,=z_#=0.678 cm’ (O.0414 in3)

The bending stress on the inner surface of bail (compressive) is:

f,= ki~ = 1.24 %=52 MPa (7>560 P@

The sum of the tensile stress and the compressive bending stress is:

ST=,S( +s, = 369 + -7,560 =-49.6 MPa(-7,191ps~
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The tensile stress in one of the bail legs is:

(0.5 w,) = 400j“,=— = 6.2 MPa (905ps~
A. 7.?(0.375)2

The maximum moment in the bail leg is at the frame connection and can be calculated
using Eq 29.1 lb of Practical Stress Analysis in Engineering Design (Blake 1960).

M = MO - ~ + H(R+x) = 252.5- 800(~375) + 162.8(1.375+1.25) = 15 N-m(130in-lb)

Bending stress is:

fb=!!$=&= 21.6 MPa (3,136 psi)

Combining the tensile portion of the bending stress and the stress due to the tensile load:

f, + f,= 3,136 + 905=28 MPa (4,041 psi)

From above the maximum stress in the bail occurs at the point of loading. The Safety
Margin is:

58,000

5 =1.61sA4=—
7,191

Therefore, the bail meets the requirements.

7.6.1.2.5 Frame Welds. Two opposing frame arms are welded to the tube section which
forms the other two arms. The attaching welds are continued completely around the attaching
tube section. Assume the weld forms a 5.0 cm x 7.6 cm (2 in. x 3 in.) box section with a wall
thickness of 0.48 cm (3/16 in.). Treating the weld as a line the effective section modulus of the
weld is:

S,. = bd + $= (2.1875)(2.8125) +*= 56.7 cm’ (8. 789 in’)

where b and d are the width and height of the section at the centerline of the weld line.
The effective shear area of the weld is:

AW= 2bd = 2(2, 1875)(2,8125) = 61,74 cm’ (9,57 in’)
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Using a bending moment of 746 N-m (6,600 in-lb) and a shear load of 1,779 N (400 lb),
the weld loading becomes:

“[[~1+(-lr=’32’N’m(752
The allowable weld load for a 0.48 cm (3/1 6 in.) weld is:

(),,v= (0.6)(0.1875)( 707) Y = 161 kNhn (923 lb/in)

~M _ 923 _ ~,23

752

The lifting bail is welded to the top surface of the i-lame using to 0.64 cm (1/4 in.) fillet
welds around the base of each leg of the bail. The bail is constructed of 1.9 cm (3/4 in.) A-36
rod. The weld length around one of the legs is:

1,.=0,75 rr=6cm(2.36 in.)

The weld load is:

~ ,v_ 0.5 Wb _ 430—= 32 kN/m (182.2 lb/in)
lw 2.36

The allowable weld load is:

[)T,,= (0. 6)(0.25)(0. 707) Y = 215 kN/m (1,230 lb/in)

SM=~=6.75

7.6.1.2.6 References.

Blake, Alexander, 1960, Practical Stress Analysis in Engineering Design, Second Edition,
Marcel Dekker, Inc., New York, New York.

RL, 1993, Hanford Site Hoisting and Rigging Manual, DOE-RL-92-36, U.S. Department of
Energy, Richland Operations Office, Richland, Washington.

Roark, R. J., and W. C. Young, 19’75, Formulas for Stress and Strain, Fifth Edition, McOraw
Hill Book Company, New York, New York.
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7.6.1.3 Reduced External aud Increased External Pressure Analyses.

ENGINEERING SAFETY EVtiUATfON
Subject Reduced External Presaure -F% ShiDDinzContainer
Originator M. D. C1ementa Date
Checker S. S. Shiraza Date

I.

IL

111.

Q.hi@@

The purpose of W analysis k to evaluate the stresses in the Pig Shipping Container due to decreaxd
external presmkation.

Reference

10 CFR 71, “Packagingand Tranapo~tion of Radioactive Materials,” CodeofFederalResuladons,
aaamended.

ASME, 1992a, BoilerandPremureVesselCode,SectionEL Subsection NB American Society of
Mechanical Engineers, New York, New York.

ASME, 199Zb, BoileraadPressureVesselCode,Swtion VUl, AmericanSecietyof Mechanical
Engineya, New York, New York.

Results and Conclusions:

The Pig Shipping Container ia evaluated per ASME B&PV Cede, Section III (ASME 19PM), internal
pressurization. Yhe material properties and allowable stm?sseaare also from ASME B&PV Code,
Section VM (ASME 19YZb). .%esses in the waif of the container and at each end are evaluated. The
areaaevaluated are at the diacontimity between the wall of the container, and the flange and bottom
plate.

Large positive margina of safety demonstrate that the Pig Shipping Container can easily withstand
reduced extend pressurization per 10 CFR 71. This stieaa ia also added to the bolt drop afxas
analyais. These atreaseaare larger than the increaaedexternal pre$$ureand Owrefore envelop the
pressurization smeases.
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ENGINEERING SAFETY EVALUATION,
Subject ReducedExternalPressure- Pir Shiminq Container
Originator M. D. Clements M%@, Date
Checker S. S. Shirasa Date

{

Iv. I?maluation:

Intend pressure of Pig Shipping COntaine~ ,

Pressure differential Askume atmospheric pressure of 14.7 psi snd Submactthe reduced externsi
pressure of 3.5 psi. Therefore, the pressure dHerentisl snd intemsl pressure is 11.2 psi. llii is the
worst csse pressure loadiig ss required by 10 CFR 71.

p = 11.2psi

The Pig Shipping Container isAS~A3123C4L stainfeas steel schedufe 40 seamleaspipe with the following
m.aterislproperties per the ASMB B&PV Code Section VIU (ASME 1992b).

Stress sllowable at opemting Wnperahxe rsnge (70-300 ‘F): $ = 16,700 psi

ksi = 1000 psi

Modulus of Elasticity E = 29,000 hi Poisson’s ratio: u = 0.3

The vsrisblesto be usedin this smlysis are definedss folIowedin referenceto the Pig ShippingContainer
Fiyre 1.

~=gim
Outside radius of 8 in. Schedule 40 pipe: . ~ r. = 4.313 in.

Wsll thickness of 8 in. Schedule 40 pipe c = 0.322 in.

l’bicknesa of bottom plate $ = 0.25 in.

tilde radiux r,=r. -k r, = 3.99 in.

Dktance from top of contsiner to evaluationpoint (weld joint): - X=oh.

Ratio of outside radius to inside radiw y.~
r{

r.Rstio of outside mdius to interrmdiste radius: Z = —
~,+; t=

Length of container L = 10.125 + 3.25 = 13.375 in.

Conmnts:
Et3

D= ----f--

1[)1

~_ 3(1-V’)+

32 (1 - ,2) t’
r, + ; tdz
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ENGINEERING SAFETY EVALUATION
Subjezt ReducedExtemaIPressure-I& Shiming Continer Page&of 3
Origina~ Date_@l~ @
Checker S. S. .%iram Date Pzi(lti

FI, =cmh(ll x)sill(p x)-snh(px)aas (px)

2

Fn=sinh(px)sin(px)

F14=c05h (px)cu9(px)

~ =e-$’c’x(px)

A=e-$’(cos (!3x)+sill(f3 x))

&=e-p”sin(f)x)

~ .sinh(2p L)-sin(20L)

‘* 2(sinh(p Ly-sin(@Ly)

~ .cosh(f32L) -cD5(2p L)

n 2(sinh(f3L)’ -5in(p Ly)

.F = 3(1 -v)(2-f)(l -fj’(s -y(4-JJ(l -v))
1 16(2 -j
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ENGINEERING SAFETY EVALUATION
Subject Reduced External Pressure -Y@ ShluuinrzContainer
Originator M. D. Clements f 1X4J
Checker S. S. Sbisas2a

,

[ [ (w)]#(1- fi(l-v)(2-~ )+4(1+ v)l+21n

F,=; (l -v)(2 -J )(8 -f(4-j9(l -v))

Evaluate stress in cyliider wall:
Primary membrane stms in wail due to internal pressure

[)()
S= y+: s = 144.4 psi

.

Principle stresses deweloped st any point in the wall of the pipe due to internal pressure is:

Inside surfsce (primary membrsne)

Tangential s!ms: ~l-P(l+q

(P-1) “=139pti

Longitudinal stress: 02 = 67 p~”
“2 ‘ (J’- 1)

Radial stress:

Outside surface (@nary membrsne):

Z=l

TangentialS!l’~S: .,0. ~ 010= 133 psi

I..0ngitudind stress: “>=(I-2p-1)
oh = 67 W“

RadiSl smss: ~*- P(l -z?
(P - 1)

O%=o psi

Primary plus sfxondsry smess in cylindrical sheik
s=2p P

‘~
S, = 156 pti
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ENGINEERING SAFETY EVALUATION
Subject ReducedExternalPressure- PigShiuuinz Container
Originator M. D. Clementa /zfkP/
Checker s. s. Sfdra%l Date

Total stress intensities in pipe wall evaluation due to internal preaaum

Primarymembrane (inside surface) (outaid. surface)

Longiludinsk u, = I S + 0, I am = u%

Tangential v. = q am = oh

Secondary (inside surface -@:

Longitudinal S. = S,

Stress intensities (iiide):

SIU= [Ub-Uel Sln = 72 psi

Sk= [U. -uml SL = 144 psi

Sh= 1%-%1 SI~ = 216 pai

Stress intenaitiea (outside):

sin= [.M-U*I S1~ = 67 pai

Sk= Iuti-aml Sk = 133 psi

SI*= [am-abl Sk = 67 psi

Margin of safety in cylinder due to primary membrane stresses:

Marginof safety in cylinder due to primary and secondary stresses:

J’fs==I?-&. l MS= = 134
SIW + s=
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ENGINEERING SAFETY EVALUATION
Subject ReducrdExternalPressure- pig ShirminrContainer
Originator M. D. Clement.r r/A’O@. Date
Checker S. S. Shiram .AJ1 Date

\

Evaluate discontinuity atrsases at junctions

FI
DEplacementa in the flat head due to pressure: 00 = —P

[)
-P=-; eo

()
E~3

r.

Radial displacement, angular displacement, bending mommt, and shear force at weld joint of pipe and flange
per ASME Section HI (equivalent to ASME Section VIII) Article A-2000 and A-6000.

MatiCAD function for solution of simukaneoua linear equations.

Given

Q.= -0.003 lb/fi CL = -0.003 lb/ff

~=661b M,=4SIb
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ENGINEERING SAFETY EVALUATION
Subject ReducedExternal Pressure - Pis?.%iouing Container Page ~ of 13
Originator M. D. Clementa Date~~Z%%
Checker S. S. Shiram // Date

co. = 1.2 . 104 in.

‘4=-[(*lQO+(*lM+[*lQ+[*lMJ
~e = -6.7. 10+ rad

co, = 2.6 . 10”s in.

e, = 4.9.104 rad

Determine dkcontinuily stmases at each juncture.

Juncture O tilde surface ~01=6% O., = 3,799 psi~$

-6 M
Juncture O outside surface ~ml . ~

~2
am, = -3,799 psi

c
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ENGINEERING SAFETY EVALUATION
Subject Reduced External Pressure - Pig Micmin.z Contsiner Page A 0 13
Originator M. D. Clements rJt&

*

Date
Checker s. s. Shiiaea Date

Juncture L oulside surface
-6 Ml

Db, . — ahl = -2,773 psi
~cz

Combination of primary and secondary stresse$at both junctures O and L mlde and outside surfaces:

Juncture O inside surface:

L.Ongitidinak u, = Uz+ cd

Tangential C,=a, +a.

Radiak 0, = 03

Juncture O outside surface

Longitudind: Uk = ah + ad

Tangential U.=ab+oti

Radkil: 0. = u%

Junction L inside aurfacti

Lmgitudinak am = a, + al

Tangential UL=O, +OU

RadiaL U,L= a,
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ENGINEERING SAFETY EVALUATION
Subject ReducedExternal Pressure - Piz Shiouin~ Con@.iner Page ~ of 13
Originator M. D. Clements Date_@12X d.
Checker S. S. Shiraea Date.

Juncdon L outside surface

Longibxlinal q,~ = u- + UN

Tangenti& U.L = u,. + oh

RadiaL umL= u%

Stress intmaitiea at Junction O inside surface:

SI, = [al-all

s~= Iu, -arl

SI, = Iur-u,l

Marginof safety at Junction O inside surface

MSd= ~-l MSd = 12
3

.,

S1, = 1,760 psi

S~ = 2,111 psi

S1, = 3,871 psi

Stress intensities at Junction O outside mrface

SL= 1%-U*I SL = 3,553 psi

SI, = l%-%! S1, = 179 psi

s~= 1%-%1 S~ = 3,732 psi

K4argjnof safety at Junction O outside surface

Stmas intensities at Junction L inside awfaw -.

SI, = Iuw-o=l S1, = 1,690 psi

S18= IUL-ULI S1, = 1,155 psi

s~= IU*-ULI S~ = 2,845 pai

Margin of safety at Junction L inside surface

M++ MSU = 16
9
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ENGINEERING SAFETY EVALUATION
Subject ReducedExtemaJ Pra sure - Pis2Shitminc Container
Originator M. D. Clementa
Checker s. s. Shuam /// Date

Stress intemitiea at Junction L outside surface

51,, = law-awl S1l, = 2,187 pSi

SI,l = I amL- U*LI S1,, = 519 psi

S1. = IUfi-Uwl SID = 2,706 psi

Margin of safe~ at hmetion L outside surface

MSh =$-l MSb = 17
u

Evaluate stress in flat head (closure Iid and bottom): ~=j
2

Primary membrane
()

~u=x-$l! oM=o pai
2>

Therefore, all primary membrane atxsses = Opsi

Primary bending

Primarystmasintensities

51, = ION-%l SI~ = 3,156 psi

s~= IuM-akl S~ = 250 psi

51. = l%-%! SIfi = 2,906 psi
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ENGINEERING SAYETY EVALUATION
Subject ReducedExternalPressure- Pk Shimine Container PageM f 13
Originator M. D. Clemens

@

Date W
Checker S. S. Sbirara f~~~ Date

Margin of safety primary membrane plus bending

1.5 s’,
MSPb= — -1 MSP>= 7.

SI*

Evaluate flange junctions per Roark Fourth Edition (page 302, Caae 13).

Cross sectional area of flange

R = 9 11/16 in. R = 8.625 ~.

A=~.j c = 1.75 in.

[)~=3(1-v3+

%’52

Maximum Iongilmiinsl bending secondary stress at edge of flange:

~v- ‘-6%
~2 Oy = -284 pti
e

Maximum shear load VO=2MOL V. = 10.9 ~
in

Maximum hcop aecondmy radial stress:

Total hoop S@?$.S: U*=oh+LTm
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ENGINEERING SAFETY EVALUATION
Subject RedueedExternal Pressure - Pk Shiuoinc Container Page 2 of 3
Originator M. D. Clemens

&/
*

Date qb
Checker S. S. Shiraea Date ‘

Maximumlongitudiwd secondary stress

1.9332 V
~1=~ al = 183 pfl”

a tcz

TotaI longitudinal stcesa: L7h=a, +an

Total secondary tangential stress: IJW = Opsi

Shear primary tangential aheas: c, = ~ a, = 34 psi
c

Total primary tangential atresx UT= U,+U.

Primary longitudinal smeaa: S=ob

Primary hoop stsess: H = a=

Primary s@essintensities:

SIB= IS-U, I

Sk= Iu, -HI

S1,, = IH-SI

Margin of safety for primary stress

Second~ stress intemitiw

SkB= ]U%-aml

Sk= Iu@-a@l

SI~l= lam-a%!

SIn = 177 psi

S~ = 39 psi

S~, = 216 psi

Msp =+-l MSP = 76.18
31

SIsn = 101 psi

.$h = 55 psi

S~, = 156 psi
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ENGINEERING SAFETY EVALUATION
Subject ReducedExternalPressure- PiqSlrimin~Container
Originator M. D. Clementr
Checker S. S. Shir2za 4A1

Margin of ssfety for secondary plus primary smeases:

3 so
Ms. = — -1

SI~l + Sk,l

MS. = 133.45

Therefore, the P1gShippirrgContsinerhss anfficientmsrgim of ssfety for the reducedexternalpressure
loading. Also, the increasedexternalpreasnrecreatesa lowerstress of 3.5 psi on the containerand
therefore, the containerwill withstandthosestiesses SISO.
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7.6.1.4 Drop g-loading Evaluation. The Sample Pig Shipping Container is carried inside a
DOT 17H 208 L (55-gal) (UN1A2) drum, which, in turn, is contained inside au N-55 overpack.
The overpack is used to carry radioactive payloads that can be contained in the 208 L (55-gal)
(UN1A2) drum and result in au assembly gross weight less than 273 kg (600 lb). The N-55
provides both impact and fire protection because of its layer of foam, which completely
surrounds the 208 L (55-gal) (UN 1A2) drum.

The Sample Pig Shipping Container is a shielded container roughly 23 cm (9 in.) in
diameter by33cm(13 in.) long. The lid/container interface consists of a bolted flange with a
sealing O-ring. This container is considered to be the containment boundary. The Sample Pig
Shipping Container is surrounded by a drum spacer assembly made of layers of a Celotex4-like
material.

The N-55 has been successfully drop tested as part of its certification process
(NuPac 1987). In these tests, a 208 L (55-gal) (UN1A2) drum containing sand was used for the
payload which resulted in an assembly weightof341 kg (750 lb). The tests produced minimal
darnage to the 208 L (55-gal) (UN1A2) drum. The lid seal remained intact as shown by a post
drop leak test. The second test considered was conducted recently to demonstrate the ability of
the Sample Pig Transport System to meet the 10 CFR 71 requirements. The Sample Pig
Transport System is similar to the Doorstop System in that both payloads are carried in a 208 L
(55-gal) drum contained in an N-55 Overpack. In addition both payloads are positioned inside
the drum by a spacer assembly constructed of crushable material. The test consisted of three
drops at different orientations from a height of 9 m (30 ft). The drop orientations were as
follows.

. End Drop. The centerline of the overpack is vertical at the instant of impact on
the overpack end.

. Side Drop. The centerline of the overpack is horizontal at the time of impact on
the side of the overpack.

. Corner Drop. The center of gravity of the package is directly over the point of
impact on the upper “corner” of the overpack. A line connecting the point of
impact with the package center of gravity would be vertical at the instant of
impact.

The drop test sequence resulted in no visible damage to the Sample Pig Shipping
Container. In addition to the visual inspection, the container was leak tested before and after the
drop test and met leak rate requirements in both tests.

The N-55 Overpack experienced permanent deformation from each of the three drops.
Inspection of the spacer assembly inside the 208 L (55-gal) (UN1A2) drum showed some
deformation had also occurred. This damage resulted from the Sample Pig Container crushing
some of the material of the spacer assembly around it. Figure B7.6. 1.4-1 below shows the
magnitude of the external darnage. The amount of deformation can be used to indicate the

‘Celotex is a trademarkof The Celotex Corporation.
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impact loads experienced by the overpack during the deformation. This analysis is described
below.

Figure B7.6. 1.4-1. Sample Pig Drop Test Darnage.

(37
26.5”

Side Drop
Damage

-J-----:
1

~’----’~,,I
I ‘“r &:;eD’Op

B

-~~o,,
‘4

J End Drop

(_____–––––-----J
Damage

7,

The Sample Pig assembly including the N-55 overpack was inspected after the drop test.
Measurements were taken of the amount of deformation of the N-55. The deformation of the
foam in the N-55 gives some indication of the magnitude of the deceleration experienced during
each drop. The m~gnitude estimates were made u~ing the PacTec computer code CASKDROP.
This program is used to develop a force-deflection history of the package from the time of
impact until the foam is completely crushed. The amount of energy absorbed during the foam
crush is compared with the kinetic energy of the package to determine the amount of crush

needed to stop the package. Since the force on the package can be calculated at each increment
of deflection, a deceleration value can also be determined at each deflection step.
the maximum loading experienced by the package.

~k provides
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In the case of the N-55 with the Sample Pig payload, CASKDROP results show
insufficient foam thickness is available to absorb all of the impact energy. This implies that
significant darnage occurs to the 208 L (55-gal) (UN 1A2) drum inside the cask. However, the
drop test article shows minimal damage to the drum. Therefore, the material surrounding the
Sample Pig must experience significant deformation in order to absorb the energy not absorbed
by the external foam. In order to provide some approximation of the inside deformation
necessary to absorb this energy, a force deflection curve of the Sample Pig crushing the packing
material around it was developed from experimental stress strain data (Figure B7.6. 1.4-3). The
amount of internal deflection could then be estimated to match the required energy absorption.

The CASKDROP analysis was conducted using the N-55 dimensions with 3.0 lb/ft3 foam
and a total gross weight of 294 kg (646 lb). The weight breakdown is as follows:

I N-55 overpack I 91 kg (200 lb) I

I 208 L (55-gal) (UN1A2) drum I 25 kg (55 lb) I

I Inner spacer (upper and lower) I 61 kg(135 lb) I

Sample Pig Shipping Container 49 kg (107 lb)

Shielded Pig with payload* 46 kg (102 lb)

Lifdng assembly 21 kg (47 lb)

Total 294 kg (646 lb)

*The Steel Pigweight of 38.6 ks (85 lb) is boundedby the weight of the
Sample Pig.

The dimensions of the package with the Sample Pig payload are shown in
Figure B7.6. 1.4-2.

CASKDROP runs were made for each of the three drop orientations. A summary of the
results for each run is given below.
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Figure B7.6. 1.4-2. Sample Pig Transport System.

4 10‘

~ 1
5.5”

7.6.1.4.1 Side Drom The side drop analysis results are shown in Table B7.6. 1.4-1.
Using the input parameters-described abov~, the ~lckness of foam in the overpack side is
insufficient to absorb the total kinetic energy of the fklling package. However, an estimated
deflection from the drop test described above can be used to obtain a deceleration vahre and an
amount of kinetic energy absorbed by the crushed portion of the overpack. The measured
deflection given in Figure B7.6. 1.4-1 is 5.1 cm (2 in.). This is the permanent deformation
resulting from the side impact. In addition to this deflection, additional elastic deflection ako
occurs during the impact. Thk is typically estimated to be approximately 45°/0 of the permanent
deflection. Combining the two deflections gives a total crush depth of approximately 7.4 cm
(2.9 in.). Using the 2.9 in. deflection given above, Table B7.6.1 .4-1 shows a maximum impact
acceleration of 15 l~s with a corresponding 14.3 kN-m (126,804 in-lb) of energy absorbed. This
indicates approximately 53% of the total kinetic energy of the package is absorbed by the
overpack foam. A indication of sensitivity to the elastic deflection percentage can be gained by
using a dKferent value. If more elastic deformation occurred, say 60°/0, total deflection would be
8.1 cm (3.2 in.) with a resulting impact acceleration of 188.5@ with 66V0 of the total kinetic
energy of the package absorbed by the overpack. Note that even with this amount of deflection
there is still a small amount of foam remaining which is not crushed.
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Table B7.6.1.4-1. CASKDROP Output, Side Drop,

-

mmfun CRUSH STFSSS

(Axial: q“ to rim]

Dwlsity- 3.000 @
TemP - 70.000 .F

‘a-yield - 153.2 vi
Bias - 30.000%

T1
e (i./in) a (psi)

0.000
0.100 15%;
0.200 115.8
0.300 112.2
0.40o 110.2
0.500 103.6
0.600 105.6
0.650 114.9
0.70o 113.0
0.750 84.9
0.600 1.71.1

mm(i*)
-

242
296
341
381
417
449
480
508
535
560
384
606
628
649
670
689
7oe
726
744
761
777
793
80S
824
839
8S4
868
882
*95
909
922
934
947
959

—

-ii
32
59

13
167
211
257
307
359
413
471
530
592
656
722
790
860
931

1,005
2,080
1,157
1,236
1,316
1,398
1,481
1,565
1,652
1,739
1, 828
1,918
2, 010
2, 103
2,197
2,292
—

X8&

Z0.000.000.000.000.000.000.000.000.000.000.000.000.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

—

=

POLYFOM CRUSH STRESS
(m.dial: .4. t. rim)
Cwuity - 3.000 wf

Teql - 70.000 v
o-yield - 86.6 *,1

Ma, - 30.00o%

TI
e (ir,lm . (psi]

0.000 0.0
0.100 86.6
0.200 76.6
0.300 79.4
0.400 86.4
0.500 86.2
0.600 S6.5
0.650 99.6
0.700 98.6
0.750 118.9
0.800 176.8

.yuyc

:, y:

13; 163
18,199
22,090
24,806
26,739
28,49S
30,431
32,614
34, S72
37,386
39,774
42,065
44,201
46,191
48,116
50,097
52,236
54,542
56,964
:;::

63,664
65,750
68,729
73,534
80,518
89,173
99,062

109,976
121,794
134,373
147,662
161,611

ACCZL
[g,,)

4.4
11.9
20.4
28.2
34.2
38.4
41.4
44.1
47.1
50.5
54.1
57.9
61.6
65.1
68.4
71.5
74.5
77.5
80.9
84.4
88.2
92.0
95.5
98.6

101.8
106.4
113.8
124.6
138.0
153.3
170.2
188.5
208.0
228.6
250.2

[IL —
{in-lb,]

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

mao-yield -. 86.6 @
Bias - 30. 000%

. [in/i”) . {psi)

0.000 0.0
0.100 86.6
0.200 ,6.6
0.300 79.4
0.400 86.4
0.500 86.2
0.600 96.5
0.650 99.6
0.700 98.6
0.750 118.9
0.800 176.8

mmgwgRG

142
669

1,712
3,280
5,294
1,639

10,216
12,978
15,924
19,077
22,436
26,074
29,932
34,024
38,337
42,857
47,572
52,483
57,599
62,938
6,,513
74,332
80,386
86,654
93,125
99,84$

106,962
114,664
123,149
132,561
143,012
154,601
167,409
181,511
196,975

mm’nc Et5Fc
[in-lb,)

232,625
232,689
232,754
232,818
232,883
232,948
233,012
233,077
233,141
233,206
233,271
233,3,5
233,400
233,464
233,529
233,594
233,658
233,723
233,787
233,8S2
233,917
233,981
234,046
234,110
234,175
234,240
234,304
234,369
234,433
234,498
234,563
234,627
234,692
234,756
234,821

=
0.00
0.01
0.01
0.,2
0.03
0.04
0.06
0.07
0.08
0.10
0.11
0.13
0.15
0.16
0.18
0.20
0.22
0.25
0.27
0.2,
0.32
0.34
0.37
0.40
0.,3
0.46
0.49
0.53
0.S7
0.61
0.66
0.71
0.77
0.84
—
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7.6.1.4.2 End Drop. The end drop analysis results are shown in Table B7.6. 1.4-2. For
this condition, sufficient foam is present to completely absorb the kinetic energy of the entire
package. In this case, the total amount of foam crushed to absorb the necessary kinetic energy is
6.9 cm (2.72 in.). The resulting impact acceleration is 157g’s. Note that any deflection of the
spacer assembly would lessen the load experienced by the Sample Pig below this value.

If the same elastic crush assumptions used for the Side Drop case are used here, an even
lower impact load results. Using an elastic plus permanent deflection of 3.8 cm (1.5 in.),
(1.45* 1.0 ion.), CASKDROP gives an impact of 138.2g’s and 113,568 ft-lb of energy absorbed.

7.6.1.4.3 Corner Drop. The corner drop analysis shows inadequate foam is present at
the corners to absorb all the energy required. Using the measured deflection as a basis for
determining the total impact with a 45% elastic deflection as used above, the total deflection of

approximately 18.5 cm (7.3 in.) results. Note that this uses all available foam deflection.
CASKDROP gives an impact of 60.3g’s and 105,597 ft-lb of energy absorbed. Note that a
relatively low percentage of the total energy is absorbed in this case and that the impact
acceleration is relatively low. This can be explained by the fact that the increase in volume of
crushed foam as the deflection increases is quite low compared to the end drop or side drop
cases. This is because the overpack is impacting on its corner. The actual impact in this instance

did not occur at the 55” angle as determined by the overpack center of gravity and geometry.

The measured crush dimensions shown in Figure B7.6. 1.4-1 imply an impact angle of about 30”.
The Pig Shipping Container
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Table B7.6.1.4-2. CASKDROP Output, End Drop. (Sheet 1 of 2)

mLYmM CRUSH MP.ESs
(Axial: -1- t. rise)

C-m,ity - 3.000 Pcf

T-w - 70.000 -F
,-!field - 153.2 Psi

Bias - 30.0008

, {1./1.) I a [Psi]

T
0.000 0.0
0.100 153.2
0.200 115.8
0.300 112.?.
0.400 110.2
0.500 103.6
0.600 105.6
0.650 114.9
0.700 113.0
0.750 84.9
0.800 121.1

[

yh’ MM e
,%)

0.100 %.54
0.200 3.08
0.300 4.62
0.400 6.15
0.500 7.69
0.600 9.23
0.700 10.77
0.800 12.31
::A& p;

1.100 16.92
1.200 18.(6
1.300 20.00
1.400 21.54
1.500 23.08
1.600 24.62
;:]:: 26.15

27.69
1.900 29.23
2.000 30.77
2.100 32.31
2.200 33.85
y: 35.38

36.92

~
nG-

804
804
804
804
804
804
804
804
8.34
*O4
804
804
804
804
804
804
804
804
804
804
804
804
804

—

=
(in3)

T
161
241
322
402
483
S63
643
724
804
885
965

1,046
1,126
1,206
1,287
1,367
1,448
1,528
1,608
1,689
1,’?69
1,850
1,930

—

-zG-
(1.)

z 0.000.000.000.000.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.

POLYFU?X CRUSH STB3,W
(Radial: .1. t. ,1, e)

Density - 3.000 Pcf
ramp . 70.000 T

e-yield - 86.6 psi
81., - ).000%

——
* (in/in) a (psi)

0.000
0.,,,
0:290
0.300
0.400
0.500
0.600
0.650
0.700
0.750
0.800

8:::
76.6
79.4
86.4
86.2
96.5
99.6
98.6

118.9
176.8

—
IPACT mnc

<UN

18,202
35,824
52,286
67,006
79,403
88,902
94,947
97, 65S
97,813
96,235
93, 73s
91,127
89,227
88,660
89,300
90,833
92, 94s
95,323
97,651
99,624

101,110
102,1S3
102,805
103,117

R
FQLYFUMCRUSH STRESS
[Actual Data @ 90.0-]

Density- 3.000 r,et
‘MIW - 70.000 .F

c-yield - 153.2 Psi
Bias - 30.000%

= (in/i.) . [psi]

0.000 0.0
0.100 .153.2
0.200 115.8
0.300 112.2
0.400 110.2
0.500 103.6
0.600 105.6
0.650 114.9
0.700 113.0
0.750 84.9
0.800 121.1

ACCF.L l~b:S STRAIN ENERGY XINEHC -
(*OS) (in-lb,)11.--s1

28.2 0 910 232,625
55.5 0 3,611 232,689
80.9 0 S,017 232,754

103.7 13,982 232,818
122.9 : 21,307. 232,883
137.6 0 29,717 232,948
147.0
151.2

0 38,910 233,012
0 48,540 233,071

151.4 0 58,314 233,141
149.0 0 68,016 ::; ;::
145.1 0 77,514
141.1 0 s6, 758 233,335
138.1 95,715 233,400
137.2 : 104,670
138.2 0

233,464
113,568 233,529

140.6 0 122,574 233,594
143.9 0 131,763 233,658
147.6 0 141,176 233,723
151.2
154.2

0 150,825
0

233,787
160,689 233,852

1s6.5 o 170,726 233,917
158.1 0 180,889 233,981
1S9.1 o 191,137 y:
159.6 0 201,433

x
0.02
0.03
0.06
0.09
0.13
0.17
0.21
0.25
0.29
0.33
0.37
0.,1
0.45
0.49
0.52
0.56
0.60
0.63
0.69
0.73
0.77
0.82
0.86
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Table B7.6.1.4-2. CASKDROP Output, End Drop. (Sheet 2 of 2)
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Table B7.6.1.4-3. CASKDROP Output, Corner Drop. (Sheet 1 of 2)

-zx-
(i.)
-
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000
1.100
1.200
1.300
1.800
1.500
1.600
1.700
1.800
1.900
7..000
2.100
2.200
2.300
2.400

—

F
POLHWX

(A7ial :

E.sn,iw.
T* -

o-yield .
Bias -

* ( in/ir,)

0.000
0.100
0.200
0.300
0.400
0.500
0.600
0.650
0.700
0.750
0.800

F
(%)

—
1.26
2.52
3.78
5.04
6.30
7.56
8.82

10.08
11.34
12.60
13.86
15.13
16.39
17.65
18.91
20.17
21.43
22.70
23.96
25.22
26.48
27.74
29.01
30.27

—

F
(inz)

-Y-
2
3
5

1:
12

::
21
24
27
31
35
38
42
46
50
54
58
63

;;

A

7
:x Smsss
t. rise)

1.000 per
,.000 v
,s3.2 psi
,.000%

o [psi)

0.0
153.2
115.8
112.2
110.2
103.6
105.6
114.9
113.0
84.9

121.1

F
,1.)

—
-0.63
-0.67
-0.71
-0.75
-0.80
-0.84
-0.88
-0.93
-0.97
-1.02
-1.07
-1.12
-1.17
-1.23
-1.29
-1.34
-1.40
-1.47
-1.53
-1.59
-1.65
-1.71
-1.78
-1.84

—

El
FOL’fFOXiCRUSXSTP.CSS
(Maal: ..0 t. ,i,e,

Density . 3.000 S)cf

TeaP - 70.000 .F
e-yield - 86.6 @

Bias - 30.000%

. ( 1./1.1 . (psi)

0.000 0.0
0.100 86.6
0.200 76.6
0.300 7s.4
0.400 86.4
0.500 86.2
0.600 96.5
0.650 99.6
0.700 98.6
0.7S0 118.9
0.800 176.8

T
.?.’s’7 mxcs EC

(Ills]

0.0
3: 0.0

0.1
1:: :.:
287
446 0:7
642 1.0
87s 1.4

1,141 ;:;
1,437
1,757 2.7
2,098 3.2
2+454 :::
2,822
3,197 :::
3,577
3,961 ~.;
4,349
4,740 ;::
5,136
5,538 :;:
5,949
6,368 S.9
6,799 10.5

m=wgl

0
0
0
0
0
0
0
0
0
0
0

.:
0
0
0
0
0
0
0
0
0
0
0

HJLWO&i c
mctu.1 m

Density.

TeM.o -
u-yield -

Bias -

e [in/i.)
0.000
0.100
0.200
0.300
0.400
0.500
0.60o
0.650
0.700
0.750
0.800

mAm ENEM
(in-lb. )

o
2

2;
43

1;:
210
310
439
5,9
792

1,01,
1,283
1,.584
1,923
2,300
2,715
3,170
3,663
4,197
4.771
5,387
6,046

M STP.css
@ 55.2. )

1:::: ?;f

,17.7 psi
,.000a

o (psi)

0.0
lg::

97.5
100.4

96.9
102.4
109.2
107.7

92.6
133.1

LNET2C —(in-lb.]
232,625
232,689
232,754
232,818
232,883
232,948
233,012
233,077
233,141
233,206
233,271
233. 33S
233,400
233,464
233,529
233,594
233,658
233,723
233,787
233,852
233,917
233,981
234,046
234.110
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Table B7.6.1.4-3. CASKDROP Output, Corner Drop. (Sheet 2 of 2)
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Test Report (WHC 1995) indicates that the comer drop test was changed from bottom to top
corner because of darnage to the N-55 base in the end drop test. Because of this, the attachment
hardware was removed and a makeshift harness was used instead. This apparently did not allow
sufficient control over the orientation of the package when dropped. Therefore, the deflection
values measured are not the same as would occur if the overpack center of gravity were located

directly over the impacted corner. With the smaller impact angle, less energy is absorb on initial
impact and a large rotational moment is applied to the package causing a large secondary
( slapdown ) impact. (Post test photos show evidence of slapdowrr occurring). The deflection
values derived above are perhaps somewhat lower than those actually experienced. However,
the impact accelerations are quite low for this case and therefore the comer drop is not
considered a limiting factor for the design.

Figure B7.6. 1.4-3. Spacer Material Stress-Strain Curve.

Stress Strain Curve

Celotex and Polyurethane Foam

sol

7C0

WC.

53+.
G /
~
: 4e0 P
g

‘SW

203. / 7

103.
1F

0

0 0,1 0,2 0.3 0.4 0.5

Strain (WI.)

Ez!

7.6.1.4.4 Internal Spacer Assembly Analysis. As shown in Figure B7.6. 1.4-2, the
Sample Pig Container is contained inside the spacer assembly. The spacer assembly is
constructed of Celotex boards with a density of approximately 17 lb/ft3. A stress strain curve
was obtained from ORNL and is shown in Figure B7.6. 1.4-3. The force deflection curve for 3
lb/ft3 foam used in the overpack is also shown. The foam is quite stiff through the initial portion
of the curve and then shows nearly a constant crush force over a large crush range until the foam
material approaches a solid mass. The force to crush the foam further becomes very large and the
slope of the force deflection curve increases quickly. The Celotex shows a steadily increasing
value of stress with increasing strain. The Celotex becomes stiffer than the foam at about 20°/0
strain. The Celotex will begin to deform prior to the foam because it is softer at small strains. As
the deflection increases, the increasing stift%ess of the Celotex limits its deflection and thus will
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provide ample protection for the payload. A conservative estimate of the impact load on the
Sample Pig Container is to simply use the value found for the entire assembly. Since additional
deflection will occur inside the spacer assembly, the Sample Pig load will be less than that of the
complete N-55 assembly.

7.6.1.4.5 References.

NuPac, 1987, Safety Analysis Report for the NuPac N-55 Packaging, NRC Docket No. 71-9070,
Nuclear Packaging, Inc., Federal Way, Washington.

Roark, R. J. and W. C. Young, 1975, Formulas for Stress and Strain, Fifth Edition, McGraw Hill
Book Company, New York, New York.

WHC, 1995, Pig Shipping Container Test Report, WHC-SD-TP-TR-O02, Westinghouse Hanford
Company, Richland, Washington.

Woolarn, W. E., 1968, A Study of the Dynamics of Low Energy Cushioning Materials Using
Scale Models, Journal of CELLULAR PLASTICS, New York, New York,
February 1968.
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7.6.1.4.6 N-55 Yoke J Hook.

ENGINEERING SAPETY EVALUATION
Subject N-55Yoke J Hook Page ~ of 2
Originator S. S. Sfdram Date 07119196
Checker M. D. Clements ,, Date 07/31/96

I. Obiective:

The objective of this evaluation is to verify the performance of the N-55 lifting tie J hooka

IL References--

49 CFR 393.lCO, 1996, “Subpart I-Protection Againat Shilling and Falling Cargo,” Code of Federal
Regukitiaw, as amended.

Blodgett, O. M., 1!?76,Das@n of WeldedStrwture.s,The James F. Lmcofn Arc Welding Foundation,
Cleveland, Ohio.

DOE-RL, 1993, HanfordSiteHoi.ningandRiggingManual,DOE-MAO-36,U.S. Department of
Energy, Richkmd operations Office, Richland, Washington, January 1993.

RHO, 1578, TranspotiCom”ner27eDownFrama,drawingH-2-73CQ9,Rev. 2, ‘Rocbell Hanford
Operatiom, Richkmd, Waafdngton.

WHC, 1987, Yoke Arrangement N-55 fifing and 27eDown,drawing H-2-99129, Rev. 0,
Westinghouse Hanford Company, Ricbknd, Washington.

m. ReauIts and Conclusions:

Reauks of this evaluation ahow the J hooks on the Ming and tiedowmyoke meet the requirements of
the HanfordSiteHoistingandRiggingManual(DOE-RL1993). For the hooks to meet the Iifiing
requirements, all four hooka must be tightly drawn up agtit the load as apecifwd in the operating
procedures. With all four of the J hooka engaged, the minimum safe~ factor requirements are
satisfied. Evahmtion of J hook loading is based on claasicalelastic energy theory.
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ENGINEERING SAFETY EVALUATION
Subject N-55Yoke J Hook Page-2- of _3_
Originator S. S. .%iraca
Checker

Date 07119196
M. D. Clements Date 07131196

Jv. Evaluation.-

Fig and Dooratou %nmler J Hook Lift Evahration:

Dimensions (WHC 1987; H-2-99129)

Dn = 0.5 in. r! = 0.5 in.

r. = ri + Dia h = Dia

R==ri+~

Derive S!R$Sequation baaed on ehatic energy
theory:

b--..l

From the figure, determine the distance to the SW....-A

neutral axis and ezeenkicity by geometry:

Distance to neutraJzxia:

~c %Maximum skeas is at the inner fiber: o= = —
“Ae= II

Weight of package W@ = 800 lb Number of JLIooka: q = 4

Since operating procedures specify tightening the nuts on the J hooks until tight, assume all four engaged.

Load FP . ~k
Fp = 200 lb

%

Moment about center of bolt fcom center of load
‘C= FJF’++)

M== 150 lb-in
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ENGINEERING SAFETY EVALUATION
Subject N-55Yoke J Hook Page~ of ~
Originator S. S, Shiram Date 07/19/96
Checker M D. Clementa JMej Date~

Maximumstress on insidefiben

4Mcp-r3
‘%% =

[

h’

I

%% = 16,282 psi

nxih2Rc-
4 (2 Rc - /~~

Asanme material ia ASTM A-36 witha yieldstrengthofi aY= 36 izi

Safetyfactorof eachJ hook SF=~ SF =2.21
%.x

Siie four J hooks total safety factor:

TotaI safety factox SEW = q SF SEti = 8.84
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7.6.1.5 Closure Bolt Drop Analysis.

ENGINEERING SAFETY EVALUATION
Subject Pk AccidentDrouBolt Analvsis Page ~ of +
Originator M. D. Clemenrs Dste 07[22196
Chscker S. S. Sbirasia Date 08/05/96

1.

n.

m.

Obiseti~e:

The propose of this analysis is to deterrrrirrethe stresses imposed on OrePig Shipping Container due to
the 30 ft drop scenario, This amlysis is conservative based on sssumirrg the Pig Shipping Contsiner
is not protected by the N-55 Overpack system. ‘fle Pig Shipping Container lid is an unprotected lid
and will be evaluated per NUREG/CR-6007 (LLNL 1993) ss such. The maximum g-load
experienced by the cask is used for both the obIique and side drop cases. Ordy the oblique snd side
drop cases will be evaluated since Orenblique case is the worst case strew loading on the bolts for a
combmtion of stresses and the side drop is the worst case shear loading.

Reference:

LLNL, 1993, Stress Analysis of ClosureBoltsfor ShippingCasks,NUREGICR-6007, TI 006540,
LawrenceLivermoreNationalLaboratory,Livermore,Caliiomia,January1993.

Results and Conclusions:

?he conservativeestimatefrom the 30 ft dropg-loadingis 188ss exertedon the Pig Shipping
Container. Evaluationof the pryingandnon-pryingloadsexertedon the closurebolts demonwate
thatthey will withstanda g-loadingof 190gswithoutyielding. Therefore, the Pig ShippingContainer
willnrainti containmentafter the 30 ft drop.
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ENGINEERING SAFETY EVALUATION
Subject Pk AccidentDro~Bolt Andvsis Page2 of _&
Originator M. D. CIemen@ r] Date 07122196
Ckecker S. S. Skiraea Date 08/05/96

‘\
N. Evaluation:

For@ and moments gemrated by preload

Non-prying tensile bolt force

NomiMI diameter of bolt D, = 0.75 in.

Nut factor K = 0.2

Applied torque Q =20 ft-lb

ra.~
K Db

F= = 1.6 .103 lb

Torsional bolt moment per bolti

~=0.5Q

b’L = 120 in-lb

rli-z=“0=7

If!!!
‘ib& lb

Dli _
+t’f&Lb

t=

Bolt forces generatedby gasket loads are negkcted due to O-ring configuration (ASME III, Appendix E)

Bolt forces/moments generated by pressure Ioads:

% = 8.7 ~. q = 1.75 in.

N,=8 c = 0.322 im.

Pfi= 17 psi Pd = 17 psi

Pb = 11.2 psi P. = 11.2psi

McdukIs of elasticity ASME, Section E at 2W “~..

~ ~ 27,600,000 psi M = 0.3

E. = 27,600,000 psi ., D* = 11 in.

Non-prying bolt force per bole
x Dlgz Pll - PI.

Fp =
4 Nb

Fp=43.11b
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ENGINEERING SAFETY EVALUATION
Subject Pk AccidentDrouBolt Analysis Page &of _fL_
Origiitor M. D. Clements tli@. Date 07/22/96
Checker s. s. shir?.m Date 08/05/96

Shear bolt force per bolt

~ . El tl (Pci - Pco) DU2
Ds 2 No E= t= (1 - Wl)

F== = 34o.5 lb

~f . DU (% - %)
4

~f . (pIi - PI.) %2
32

Mf= 21.9 lb

BoIt for~/moments gemratad by temperature Ioads

. Non-prying tensile bolt force negligible since bolt materizl and lid material both stainleaasteel.
● Load caused by thermal expansion difference between the closure Iid and cask wall is negligible.

Load caused by temperature gradient behyeen the inoer and outer mu’facezof the closure lid

q = 9.9. I@ iflindeg T, = 156” T,, = 166”

Bolt forcelmoment generated by impact load applied to
unprotected lid (oblique drop):

* = 190 G = 56°
(angle for drop over CG)

DLF = 1 WC = 100 lb

W* = 575 lb W, = 50 lb

Width of lid a = 3.5 in.

Weight applied to lid

.2 lb

I (

1.34 sin (xl) DLF ai (WJ + ?7=]
Fd =

‘b
Fd = 3.958 .103 lb

Shear bolt force per bole F~d =
cos xl ai Wlid

%
F=d = 1.806 .103 lb
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ENGINEERING SAFETY EVALUATION
Subject Pig AccidentDropBoltAmlvsis PageA of JL
Originator M. D. Clements ,,/,, Date 07122196
Checker S. S. Sbirwa Date 08/05/96

Fixed edgeclosureforce andmomem

1.34 sin (xi) DLF a~ (B’I + Wc)
Ffd = Ffd=l .099 .104 ~

nDfi ft

1.34 sin (xi) DLF a< (WJ + W.)
Mm = 8n

Mfd= 1.26 .103 lb

Bolt force/moment generatrd by impact load applied to unprotected lid (side drop):

&=oo

1.34 sin (x.) DLF ai (P71+ IV=)F& = F@=Olb
NB

Shear bolt force per bolh

cos (x,) aj P/ti +
F=& =

Nb
F=* = 6.S28 103 lb

Fd edge closure force and moment (not used because of low forcek

1.34 sin (x.) DLF al (WZ + W.)
Ffa = F~&=o~

n Dm ft

1.34 sin (x,) DLF ai (WI + W~
M=& = Mr& = O lb

8n

Combine forcer and moments to determine bolt stresses due to oblique and side drops:

Oblique drop F% = FP+ F~ F% = 4.001. l@ lb

F% = F, F% = 1.6. l&lb

Side &op FW=FP+Fa F% = 43.099 lb

F% = F%

Prying load combination Ff. = F~+ F~,

M<= Mf+Mt+M~{

B7-49



HNF-SD-TP-SARP-OO1, Rev. 2

ENGINEERING SAFETY EVALUATION
Subject Piz AccidentDrooBolt Analwis PageA of *
Origins[or M. D. C1ements t hi) & Date 07122196
Checker S. S. Sbiraea Date 08/05/96

‘\
Detemdne maximum prying tensile bolt forcti

Fapt Nb
P=—

z Dfi
Db = 13.5 in.

Dfi = 7.98 in. ~=q B=P

C2 = 8

[

% t13 % - %) % t~z3—+ 1 ‘B

3 (DIO - DU)2 1 - PI Da Nb Db2 Eb

n Da 2 Mfc

‘b
—-cl(B-Ff=)-c2 (B- FJ

Fw =
DIO - DU

Cl + C2
Fw = 372.667 lb

Totai tensile bolt stresses: F,= F~+Fq F, = 4.373. I@ lb

Maximum bending bolt moment

K1 = EI tl’

3 [(1 - p,z) +(1 - p,’) (~]] DD

‘“=[%?)[+l”’. -Mti = 2.103 ft-lb

Combine shear forces

Oblique drop FSC= FP + Fti . FSC= 2.146. Id lb

Side drop: Fs. = Fm + F* Fsm = 7.169. l& lb

AVera8etensile stress caused by the tensile bolt force (F): p = pitch

p = Ml n = 10/ii D = 0.75 in.

Dh - D - 0.9743p Sba =
1.2732 F,

Sba = 1.308 -106 Pi
Dh2
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ENGINEERING SAFETY EVALUATION
Subject pig AccidentDrooBolt Anal@s Page~ of &
Originator M. D. Clements (111 Date 01122196
Checker S. S. Shira~a /#p’ Date 08/05/96

Average shear stress caused by shear bolt force (FsJ:

~b~ . 1.2732 FS=
Sbs = 6.418 -103 psi

Dba2

Maximum bending stress caused by bending moment (MW):

Sbb =
10.186 Mbb

Sbb = 925 psi
D~3

Maxknum shear stress caused by torsional bolt moment:

5.093 Me
Sbt = — Sbt=2.2-103 psi

D-3

Maximum stress intensity caosed by tension + shear + bending + torsion

S1 = [(Sba + Sbb~ + 4 (Sbs + Sbt)’ ]03 S1 = 2.22. Id psi

Determine margin of safety on bolts:

S, = 30,000 psi S. = 75,000 psi Sm = 0.7 s“

Tension margin of safety: Msc =&-l MSC =1,3

Shear margin of safe~ MS. =
0.6S

Sbs
—-1 MS==l.8

Tension P1OSshear stress ratio comparison

R, = Sba R= = ~
0.66 SY 0.6 SY

R,’ + R.z = 0.56 [< 1 therefore ofl
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7.6.1.6 Closure Bolt Vibration Analysis.

ENGINEERING SAFETY EVALUATION
Subject F%Bolt VibrationAmWsis Page~ of 8
Originator M. D. Clements

*

Date8
Checker S. S. Shiraga Date 5

1. Obiedive:

The purpose of this analysis is to determine the stresses and reaction of the Pig Shipping Container
bolts to norrmd transport vibration.

n. References:

ANSI. 1992, Drqft American N~”onal Standard Design Basis for Resistmce to Shock and Vibradon
of Radioa~”ve Material Packages Greater than One Tone in Truck Transport, ANSI N14.23,
American National Standards hIWiNte, New York, New York.

ASME, 1992, Boiler and Pressure Vessel Code, Section IIf, DivKlon I, American Society of
Mechanical Engineers, New York, New York.

Industrial Press, 1980, Machine?y’s Handbook, Twenty-First Edition, Industrial Press, Inc.,
New York, New York.

LLNL, 1993, Stress Analysis of ClosureBolts for Shipping Gmks, NUREGICR-6007, T1 006540,
Lawrence Livennore National Laboratory, Livermore, California, January 1993.

Roark, R. J., and W. C. Young, 1975, Formulasfor Stress and Strain, Fifth Edition, McGraw-Hall
Book Company, New York, New York.

Ef. Resufts and Conclusions:

The Pig Shipping Container closure bolts, when evaluated per NUREG/CR-6007 (LLNL 1993) for
vibration, maintain positive margins of safety against bolt fatigue, Iid slippage, bolt loosening, and
boh elippage. This analysis verifies that containment of the Pig Shipping Container is maintained
during normal conditions of transport vibrational loadings.
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ENGINEERING SAFETY EVALUATION
Subject PigBoltVibrationAnalvsis
Originator M. D. Clements / Dat
Checker S. S. Shiram

N. Evaluation:

Vibrationnf Unwinding of Bolts Under llbrntionnf Leads

Based on NUREGICR-6007, Stress Analysis of Closure Bofts for Shipping CQ.$ks(LLNL 1993).

Definition of Variables

FW is tbe addkional tensile bolt force due to prying action of closure lid

D~ noti diameter of closure bolt

D, closure lid dkuneter at the bolt circle

D, closure lid dkmeter at the inner edge

D,. closure lid diameter at the outer edge

& elastic modulus of the clomue bolt material

5 elastic modulw of the closure lid material

E,, elastic modulus of lid flange material

k bolt area moment of inertia per unit length of the bolt circle

F, tixed-edge force of tie closure lid at tbe bolt circle, caused by the applied load (per
unit length of the bolt circle)

f-b bolt length between the top and bottom surfaces of the closure lid at the bolt circle

M, tixed-edge moment of the closure lid at the bolt circle caused by the applied load (per
unit length of the bolt circle)

N, total number of closure bolts

% Poisson’s ratio of the closure lid material

P“ bolt preload per unit length of the bolt circle

t thickness of the closure lid

k tMc!mess of the flange of the closure lid

P=F, if F > P, otherwise B = P.

Pla preload on each bolt

B is the non-prying tensile bolt force and P. is the bolt preload. B, P., F,, and M, are quantities per unit
length of bolt circle. To convert a value per bolt to a value per unit length of bolt circle, multiply the value
with the factor ~J(rD~].
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ENGINEERING SAFETY EVALUATION
Subject Pk BoltVibrationAnalysis Page~ of 8
Origimtor M. D. Clements A@?

*

Date@ ~
Checker S. S. Shirwa Date

\
Defining the Bxad variables: I
D, = 0.75 in.

D, = 7.98 in.

~ = 29.3. I@ psi

~ = 29.3. Id psi

~ = 1.125 in.

Ud= 0.3

t, = 1.125 in.

w _ = 600 lbf

CalculatedVariablea

Moment of inertia of bolt

D, = 11 in.

D. = 13.5 in.

Q = 29.3.10’ psi

T = 20 ft-lb

N,=8

K = 0.2

tlf = 1.125 in.

ml-z=“0=7

B
Dib& ,b

J_
~&tlf&Lb

Dli _
t

tc

Nb Ibolt
Bolt area momentof inertia per unit length of the bolt circle: Ib=————

n Dm

Determine load and moment at flange (Roark and Young 197S Case 17, page 367)

For conservatism, assume total weight of lid acts at cg of id.

Weight of lid F* = 13.5 in. F, = 1.5 in. F. = 7.98 in.

den = 0.29 lblii’ Vrl = ~ Fb (Fdoz - ‘~z)

W. = V, den V91= ? ~ 9.82 .in3
44
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ENGINEERING SAFETY EVALUATION
Subject Pk BoltVibrationAnalvsis
Originator M. D. Clements /,4!P.
Checker S. S. Shiram Date

W@= Vd den V> = ; 1.625(8,6252 -7.982) ~~3

Wp=VP den’

w. = w, + w, +Wfl Ww = 49.942 lb

Linear load on unsupported lid section JflidWzla = —
z Dli

Deceleration factors for shock induced vibration from ANSI N14.23 (ANSI 1992):

Verticak gm = 2.0

Longitudimh g,. = 2.3

Laterak gw = 1.6

i91W = g~.az + sf~ati = 2.$3

Since load concentration at cg, use small radius equation. (Roark and Young 1975; page 367, Case 17.

Assume smali radius ofi ro=l in.

Radius of action. 28. = ~1.6 102 + t12 - 0,675 tl

The force and moment at the flange (r = r~ from case 17 @oak and Young 1975) is:

~f . %= ‘lid

4%
IYf = 7.948 lb

~= _ ‘lid gver

2nr
Ff=47.81~

The non-prying loads from NUBEG/CR-6007 (LLNL 1993; page 19) are

gve. ‘lidTensile force per bolti F, = —
‘b
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ENGINEERING SAFETY EVALUATION
Subject Pk BoltVibrationAnalvsis Pagea of _..L?._
Originator M. D. Clements r P,

A w

Date 9 9
Checker S. S. Shiraza Date 2

Shear force.per bolt: F, = ~

She Pm> F{ B = P.

Equation comtants, NUREG/CR-6007 (LLNL 1993; page 6):

C,=l

q=
[

8 1[ % ](+JElt13+ (Dzo-Dli) .& t113

3 (DJO - Dti)2 1 - VCJ

Pryingbolt force

Mf=Mf+F4 and

Il.
2 Mf

— -
x Dib D1. - Di>

C, (B - Ff) - C, (B - P.)

F=—w
‘b

q+q II FaP = 1,192 lb

Total loosenimgforce on bolt Fm=Fq+F, Fw = 1,205 lb

Torque required to loosen bolt

Thread &ta from Machinery’s Handbook @dustxial Press 1980).

Number of threads per inch ~ = 10/ii.

Lead on threads: 1. = 1/%

Diametrical pitcfx dpb = 0.6832 in.

Helii angl~
()

1~=J.t~~
n dpti

a ‘“2.668”

Assume coefficient of static fdction (non-lubricatedsteel on steel):

~ Plad (p - tan (a))y = 0.1995 T10. = ~

Torqueto overcomefrictionalbearingforce underthe bolt head.
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ENGINEERING SAFETY EVALUATION
Subject Pig BoltVibrationAnalysis PageL of 8
Originator M. D. Clements r,l%f.1)

*

Date6 W
Checker S. S. Shua~a Date 1

“\
Assume for a hex hezd cap screw effective bearing smface diameter is:

& = 0.7410 ia.
def~

T,em = ~ P ‘load

Total required torque to loosen cap screw: TIwsen = TIos + Thea& Tlm,en = 18 ft-lb

Torque generated from forces to loosen the screw

,., (P - t- (~))Tf=~F T= = 6 ft-.Zl

M8rgin of safety TI.wse. - ~MSIO, = —
Tf

M.slo== .2

Therefore, hex head screw wilf not loosen rmder peak tibratiomif Iongitudbmf shork load. Assuming alf
aciing at once.

Cbsck for sfippage of the bolt from peak shack loarfx

Determine shear load of bolt per inch of head diameter to keep from slipping.

Assume only friction from the head of bolt to lid is generating a shear load.

Assume friction factor same 8s above for metal to metak F,i = —
P Pxti

deff

Force per inch of lid diameter tending to move flangti

Radial moment per inch IM,] = 12.519 lb

6 IMfl
Radial bending stress on thin seation of lid u= = —

Lb=

Ratio location of head, relative to the distance from the neutral axis to tie surface of the lid rat = ‘A

Pa = rat O=LD F=n . 3Z 2
in

~
z gload “ ‘cask

Shear force from iongimdti g-load: F~h_ =
8 Lb
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ENGINEERING SAFETY EVALUATION
Subject Piz BoltVibrationAnalvsis Page~ of 8
Originator M. D. Clementr t

J
w

Date 2
Checker s. s. Sbiram Date

Therefore, there wifl not be slippage of the bolt from peak shork loads.

Determfrre fatigue Ioadfng on boks:

Shear forces from normal vertical vibratiorx

Loading pararn.etenfrom ANSI N14.23 Standard (ANSI 1992) for fatigue loading.

Total vertiwd vibration loading of casks, a.mmre loading of at 2 Hz

Fm is dependent upon the total weight of the package. Use TabIe 2 horn ANSI N14.23 (ANSI 1992) based
upon the total package weight of 600 lb.

F- = 84 lb

Linear load on flrin section of lid fro=*
x D21

The non-prying loads from NUREG/CR-6007 (LLNL 1993; page 19) 8rti

Normal vertical shear force per bolti

Total vertical shear force per bolt:

Total lateral shear force per bolti

Therefore, the vector resultant force of the above shear forces is:

Feat = +JzrE2 Feat = 33 lb

Cyr3ic stress on fmltx

Bolt tensile stress area, ASTM F-593 (ASTM 1989; page 290Y
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ENGINEERING SAFETY EVALUATION
Subject Pk BoltVibrationAnalvsis . Page~ f 8
Originator M. D. Clements (ALP.

// *

Date 4
Checker S. S. Shiraw Date

Stress range 0. = +

Meanstresson bolts: pleadO,to, = 0. + —
Am

O=tot = 4,833 psi

Ratio of mean to range

Number of cycles per trip:

Assume average speed

Distance of travei:

Frequency

J& = 0.01
Csmt

VW = 35 mph

&.=20mi

fr=2Hz

Cycl = 4,114

AItemating stress intensity for A193, Gr. B7 or B16 with the modulus of elasticity is 30 x Id psi
(ASMS 19% Figure 1-9.1, page 207).

WI = 10W psi E, = 30,0C0 K1 E.,9 = 29,300 ksi

S,m = 52,W0 psi

Therefore, the alternating stress intensity form ASTM A193 is (assuming only Vzof allowable for
ccnkservatism):

s . .%!22 Slal ~A193- ~ .SW9J = 5.079 . 104 psi
1

The margin of safety from bolt fatigue is: ~f=&_l MS= =9.5
0,.0,
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8.0 THERMAL EVALUATION

8.1 INTRODUCTION

This section identities and describes the principal thermal engineering design aspects of
the Sample Pig Transport System to demonstrate compliance with the performance requirements
oflOCFR 71.

The Smple Pig Trmspoti System isdesigned withatotilly passive themal system. The
principal physical characteristics of the thermal system consist of an external thermal fire shield
(shipping overpack) surrounding a DOT 17C 208 L (55-gal) (UIWA2) drum containing a
cylintilcal stainless steel shipping container. Adetailed physical description can be found in
Part A, Section 2.O. Theoverpack isasmdtich ofurethane fomenclosed ontheinside bya
structural fiberglass shell and on the outside by anon-painted galvanized steel shell.

8.2 THERMAL SOURCE SPECIFICATION

The thermal source used for this evaluation is 3 W which is greater than the maximum
possible thermal heat source as described in Part B, Section 2.0.

The highest internal decay heat for any of the payloads is 3 W. Since the internal decay

heat is assumed to generate heat in the payloads themselves, rather than recognizing that a
portion of the decay heat generation could occur in the shield in the form of gamma heating
effects, the temperatures derived for the payload are conservative.

For this analysis, two payload configurations were studied. The first case assumed that a
lead liner is used inside the payload region of the Sample Pig Transport System. Thk results in a
maximum payload configuration of 2.90 cm (1.14 in.) diameter by 8.89 cm (3.50 in.) in length.
The second case assumed that the entire volume of the payload region is used. This results in a
maximum payload configuration of 5.23 cm (2.06 in.) diameter by 12.38 cm (4.875 in.) in
length. For these cases the 3 W decay heat load is assumed to be evenly distributed within the
respective payload volume. The payload was assumed to be organic material, wood in this
analysis. Supporting calculations for the internal heat generation are in Part B, Section 8.6.5.

8.3 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

Material thermal material properties used for analyses were taken from the
Thermophysical Properties of Matter Handbook (Touloukian 1979), and the Heat Transfer Data
Book (Fitzroy 1970). These properties are listed in Tables B8-1 through B8-10. Quadratic
interpolation and linear extrapolation techniques were used to evaluate properties at temperatures
not explicitly defined in the tables.

B8-1



HNF-SD-TP-SARP-OO1, Rev. 2

Table B8-1. Material Properties of Air.

Temperature Specific heat Conductivity Density
“C ~F) (Btu/lbm-°F) (Btu/s-in-°F) (lbm/in3)

4 (40) 0.242 0.00000033 0.000041

227(440) I 0.246 I 0.00000055 \ 0.000041 \

338(640) I 0.252 I 0.00000065 I 0.000041 I1 1 1

671 (1240) 0.270 0.00000095 0.000041

Table B8-2. Material Properties of304 Stainless Steel

Temperature Specific heat Conductivity Density
“C ~F) (Btu/lbm-°F) (Btu/s-in-°F) (lbmAn3)

21 (70) 0.109 0.000198 0.281

38 (100) 0.111 0.000202 0.281

93 (200) 0.116 0.000215 0.281

204 (400) 0.125 0.000239 0.281

316 (600) 0.130 0.000262 0.281

427 (800) 0.135 0.000284 0.281

649 (1200) 0.140 0.000325 0.281

760 (1400) 0.145 0.000344 0.281

816 (1500) 0.149 0.000354 0.281

871 (1600) 0.151 0.000364 0.281

Normal Emissivi!y of 0.6 (oxidized surface).
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Table B8-3. Material Properties of Lead.

Temperature Specific heat Conductivity Density

“C ~F) (Btu/lbm-°F) (Btufs-in-”F) (lbm/in3)

20 (68) 0.03 0.000470 0.41

116 (240) 0.03 0.000455 0.41

199 (390) 0.03 0.000415 0.41

310 (590) 0.03 0.000350 0.41

Normal Emissivity of 0.6 (oxidized surface),

Table B8-4. Material Properties of Carbon Steel.

Temperature Specific heat Conductivity Density

‘C ~F) (Btu/lbm-°F) (Btu/s-in-°F) (lbrn/in3)

21 (70) 0.112 0.000741 0.284

204 (400) 0.124 0.000653 0.284

427 (800) 0.147 0.000554 0.284

593 (1 100) 0.173 0.000463 0.284

NormalEmissivhyof 0.9(paintedsurface)or0.3(oxidizedgalvanizedsurface),SolarAbsorptivityof 0,65
(oxidizedgalvanizedsurfacepertheHeal Trans@- Data Book (Fitzroy 1970).

Table B8-5. Material Properties of Drum Payload (Wood).

Temperature Specific heat Conductivity Density

“C ~F) (Btu/lbm-°F) (Btu/s-in-°F) (lbrn/in3)

4 (40) 0.57 0.00000230 0.253,
838 (1540) 0.57 0.00000230 0.253

I
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Table B8-6. Material Properties of Spacer (Low Density Fiberglass).

Temperature Specific heat Conductivity Density

‘C ~F) (Btu/lbm-°F) (Btu/s-in-°F) (lbmJin3)

10 (50) 0.19 0.00000042 0.0025

38 (100) 0.19 0.00000048 0.0025

66 (151) 0.19 0.00000054 0.0025

838 (1540) 0.19 0.00000054 0.0025

Normal Emissivity of O.9.

Table B8-7. Material Properties of High Density Fiberglass.

Temperature Specific heat Conductivity Density

‘C ~F) (Btu/lbm-°F) (Btu/s-in-°F) (lbtih’)

-50 (-58) 0.19 0.00000167 0.090

25 (77) 0.19 0.00000224 0.090

175 (347) 0.19 0.00000336 0.090

300 (572) 0.19 0.00000280 0.090

593 (1 100) 0.19 0.00000280 0.090

838 (1540) 0.19 0.00000300 0.090

NormalEmissivity of O.9.

The material properties of the enhanced air in the two-dimensional model reflect
convection aswellas account for axial conduction. Theproperties were determinedly
calculation asdescribed in Part B, Section 8.6.4. In Table B8-8, kJkisthe ratio of the effective
thermal conductivity of air over the normal conductivity of air.
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Table B8-8. Material Properties of Air Enhanced by Convection

E
For kJk=5

For kJk=4.O

338(640) I 0.252 I 0.00000098 I 0.000041 I

671 (1240) 0.270 0.00000143 0.000041

4 (40) 0.242 0.00000132 0.000041

227 (440) 0.246 0.00000220 0.000041

338 (640) 0.252 0.00000260 0.000041

671 (1240) 0.270 0.00000380 0.000041

Thermal conductivity for the crushable foam impact limiters was based on data tlom
manufacturer’s data sheets. Thethermal models conservatively reflect aconfiguration in which
17.27cm (6.8 in.) of foamhas beencmshed to4.32cm(l.7 in.). These compacted regions are
assumed to have thermal properties of Polyethylene as previously used in the T-3 SARP
(WHC 1991). Fomand Polyethylene propefiies meretained forthe fireevaluation. The
properties for foam and polyethylene as used in the thermal models are tabulated in Tables B8-9
and B8-10.

Table B8-9. Material Properties of Overpack Foam.

Temperature Specific heat Conductivity Density

‘C ~F) (Btn/lbm-°F) (Btu/s-in-°F) (lbrnAn3)

21 (70) 0.17 0.00000046 0.0017

204 (400) 0.17 0.00000046 0.0017

207 (405) 0.25 0.00000490 0.0017

816 (1500) 0.25 0.00000926 0.0017
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Table B8-1 O. Material Properties of Crushed Foam (Polyethylene).

Temperature Specific heat Conductivity Density

“C ~F) (Btuflbm-”F) (Btn/s-in-”F) (lbm/h3)

4 (40) 0.51 0.0000044 0.00668

838 (1540) 0.51 0.0000044 0.00668

8.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF TRANSPORT

8.4.1 Conditions to be Evaluated

The thermal evaluation of the Sample Pig Transport System under normal conditions of
transport, as defined in 10 CFR 71, has been performed by analysis. An alternate condition for
Hanford Site specific solar insolation was also analyzed. The worst-case payload configurations
have been considered, as described in Part B, Section 8.2.

8.4.2 Acceptance Criteria

The Sample Pig Shipping System is required to maintain containment for the worst-case

normal transfer condition thermal loads from -40 “C (-40 “F) to 46.11 “C (115 “F). The external

surface temperature must be below 82.22 “C (180 ‘F) for handling purposes per 49 CFR 173.

8.4.3 Thermal Model

Common thermal analysis models were used for both steady-state and transient
evaluation of the normal conditions of transport and transient evaluation of the hypothetical
thermal accident. All of the models used for the thermal analysis were developed using the
TAP-A finite difference code.

8.4.3.1 Heat Transfer Computer Code Description. The TAP-A computer code solves
transient or steady-state temperature distributions using a finite difference method of solution.
Multi-dimensional configurations can be analyzed using a combination of coordinates.
Computations are performed with provisions for multi-material temperature dependent properties
employing conduction, thermal radiation and convection. Boundary conditions may be time-
dependent and convection may be to a specified flow rate in which the local heat transfer
coefficient may be dependent upon time or a variable temperature difference. Thk code was
originally developed at the Westinghouse Astronuclear Laboratory and documented in 1969
(Pierce 1969). Since then, it has been used extensively at Hanford and has completed the
software quality assurance requirements for Impact Level 2 QA applications (Guzek 1990).
Configuration control requirements, as outlined in WHC-CM-4-2, Qtial@ Assurance Manual,
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Section QI 3.3, Rev. 1, have been met and the study complies with WHC-CM-6- 1, Standard
Engineering Practices, EP-2. 1, Rev. 2, computer Software Configuration Management.
HEATING5, a finite difference code that was developed at the Oak Ridge National Laboratory
(Turner 1977), has been compared with TAP-A (Jimenez 1990) and was within about 6 percent
agreement.

Part B, Section 8.6.6 contains a sample input tile for the subject analysis.

8.4.3.2 General Modeling Techniques. Three modes of energy transfer were used in the
analysis:

1. Conduction heat transfer within the payload and the materials of the
transportation package.

2. Thermal radiation including:
Heat transfer from external surfaces to the environment.

:. Heat transfer across internal gap surfaces.
c. Solar insolation to external surfaces.

3. Natural convection from the external surfaces of the package to still air in the
environment and air gap convection within the package.

The decay heat from the payload was modeled as internal heat generation.

8.4.3.3 Solar Insolation and Thermal Radiation. The solar insolation boundary condition was
modeled in accordance with guidelines provided by the NRC. This is stipulated as 800 g-cal/cm2
for a 12 hour period for horizontal surfaces and 400 g-cal/cm2 for vertical curved surfaces (1/2 of
the horizontal). The text of10CFR71 does not stipulate how this total heat load is to be applied
to the drum on a transient or peak basis. The peak insolation was therefore determined using
Hanford Site specific data for transient solar insolation. The Climatolo~ Swnrna~fir the
Hanford Area (PNL 1983) provides an experimental determination of the solar insolation at the
Hanford Site based on averaged values over numerous years. The values for an average July day
was chosen to give the most conservative results. These values are tabulated in Part B,
Section 8.6.2. The Hanford site’s maximum solar insolation is approximately 25 percent less
than that stipulated in 10 CFR 71.

The solar absorption coefficient was assumed to be 0.65 for oxidized galvanized steel.
Thk value was determined from information found in the Heat Transfer Data Book
(Fitzroy 1970). The pertinent data from this book is reprinted in Part B, Section 8.6.2. The
coefficients are multiplied by the peak solar insolation resulting in a radiative heat load boundary
condition at the surface of the overpack. The emissivity coefficients of the package surfaces,
external and internal, are tabulated Part B, Section 8.6.3. These values were determined from
information found in the Thermophysical Properties of Matter (Touloukian 1979), the Heat
Transfer Data Book (Fitzroy 1970), Thermal Radiation Heat Transfer (Seigel 1981), and Heat
Transfer (Holman 1972). These coefficients are used to calculate the heat loss from the surface
of the overpack to the environment by thermal radiation heat transfer and for the internal air gap
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heat transfer. The view factor for thermal radiation to the environment was assumed to be 1. For
the internal air gaps of the package, the effective thermal emissivity of the gap surfaces are
required boundary conditions. The method used to calculate these coefficients is described in
Part B, Section 8.6.3.

8.4.3.4 Natural Convection. Heat is also rejected from external surfaces of the overpack to the
environment by natural convection heat transfer. This mode of heat transfer depends on the
temperature difference between the heat rejecting surface and the ambient air, the orientation of
the heat rejecting surface, the velocity of air flowing past the surface and the thermophysical
properties of air. Part B, Section 8.6.4 provides details of the calculation of the heat transfer
coefficient for the convective heat transfer boundary condition. The equations for the
calculations were developed from Heat Transfer (Holman 1972). For this analysis the air is
assumed to be still (zero flow velocity) in accordance with 10 CFR 71.

For the internal air gaps, heat is transferred by a combination of conduction and
convection. This mode of heat transfer depends on the temperature difference between the heat
rejecting surfaces, the orientation of the heat rejecting surfaces, the gap width and the
thermophysical properties of air at the mean air temperature. Part B, Section 8.6.4, provides
details of the calculation of the heat transfer coefficient for the convective/conductive heat
transfer boundary condition. The equations for the calculations were developed from Heat
Transfer (Holman 1972).

8.4.3.5 2-D Model With a Payload Lead Liuer. The two dimensional model of a Sample Pig
Transport System is depicted in Figure B8-1 and B8-2. Figures B8-3 and B8-4 show the internal
node and surface node numbers respectively. Due to the symmetry of a Sample Pig Transport
System the two-dimensional model only needs to model a 1 radian section of the payload,
container, spacers, and overpack.

The configuration of the model’s nodes is described in the following paragraphs.
Figures B8-3 and B8-4, which depict the node configuration, is not drawn to scale and only
shows the relative position of nodes.

The payload region has been divided into two nodal regions, nodes 2 and 3, of equal
radial width. These nodes are directly connected to lead liner nodes to model heat conduction
without air gaps. The lead liner will have peak temperatures at node 1. The material properties
of the payload nodes are aggregate properties meant to represent the bulk properties of an
organic based payload (wood) which occupy this space. The material properties of the payload
and lead are defined in Part B, Section 8.1.

The stainless steel and lead shielding container are modeled with a series of nodes in the
radial and longitudinal directions. The air-filled gap separating the payload liner from the
container is modeled to accommodate radiation and convective boundaries. Radiation and air
convective heat transfer is also modeled between the outside surface of lead shielding and the
interior surface of the Sample Pig Transport System shipping container. The lead in the shield
will have peak temperatures at node 7. The material properties of the stainless steel and lead are
defined in Section Part B, Section 8.1.
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Figure B8-I. Sample Pig Thermal Model Configuration.
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Figure B8-2. Sample Pig Thermal Model Radial Configuration.
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Fi~e B8-3. Ssmple Pig Thernml Model Node Network.
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Figure B8-4. Sample Pig Thermal Model Surface Nodes.
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The stainless steel payload shipping container is modeled with a series of nodes in the
radial and longitudinal directions as well. The air filled gap separating the payload shipping
container from the 208 L (55-gal) spacer is modeled to accommodate radiation and convective
boundaries. The flanges of the container have been modelled as nodes 22 and 23. The O-ring
seal at the flange was not explicitly model led but will have peak temperatures the same as for
node 22. The material properties of the stainless steel is defined in Part B, Section 8.1.

The carbon steel 208 L (55-gal) (UN1A2) drum and internal spacers are modeled with a
series of nodes in the radial and longitudinal directions. The air filled gap separating the 208 L
(55-gal) (UN1A2) drum and the overpack inner surface is modeled to accommodate radiation
and convective boundaries. The model also accommodates an air gap between the top spacer
and the drum lid. No air gaps were used between the sides of the spacers and the drum nor
between individual spacer layers. The drum gasket was not explicitly modelled but will have
peak temperatures the same as for node 77. The material properties of the carbon steel and
spacer (low density fiberglass) are defined in Part B, Section 8.1.

The overpack with inner and outer shells and internal foam insulation are modeled with a
series of nodes in the radial and longitudkal directions. The overpack outer surface is modeled
to accommodate radiation and convective boundaries. No air gaps were used between the sides
of the foam and the overpack liners nor between individual foam layers. The overpack gasket
was not explicitly model led but will have peak temperatures the same as for node 152. The
material properties of the galvanized steel high density fiberglass and foam insulation are defined
in Part B, Section 8.1.

The two-dimensional model of the package includes approximately the top half of the
package. The top end of the package has been modeled to account for the overpack to be
crushed down to a 4.41 cm (1.738 in.) thickness. This has been done so that fewer changes
would have to be made in creating the tire accident model. For normal condition of transport the
portion of the overpack which slip around the sides of the 208 L (55-gal) (UN1A2) drum have
been assumed to be uncrushed. The material properties of foam have been used for the
uncrushed foam regions.

Figure B8-3 shows the radial configuration of the nodes. The material used to represent
each node and the nodal region dimensions are indicated on this figure. As with the previous
figures, Figure B8-2 is not drawn to scale. The radial node configuration shown in Figure B8-2
comes from the center of Figure B8- 1. This node configuration is slightly different at the end of
the package. However, in the circumferential direction the model is only one node wide. All
nodal regions of the model cover the entire 1 radian span.

The parametric case descriptions for the thermal analysis of this model are defined in
Table B8-11.

8.4.3.6 Two-Dimensional Model Without a Payload Lead Liner. The two-dimensional
model of a Sample Pig Transport System without a payload lead liner is also depicted in Figures
B8-3 and B8-4. These figures show the internal node and surface node numbers. The difference
between this model and the model with a lead liner is that the lead liner and air gap nodes have
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their material properties changed to that of the payload. The entire inner volume of the shielding
container is assumed to be filled with payload. The payload decay heat of 3 W is also assumed
to be evenly distributed within this volume. The payload transfers its heat by conduction only to
the shielding container. The payload will have peak temperatures at node 1. The parametric
case descriptions for the thermal analysis of this model are defined in Table B8- 11.

Table B8- 11. Parametric Case Description for Thermal Analysis.

Case Solar’ Solar Thermal
Air

Analysis type Payload type
no. insolation absorptivity

temperature
emissivity

“C ~F)

1 steady state with liner None NA 0.3 21-46 (70-1 15)

2 steady state without liner None NA 0.3 21-46 (70-1 15)

3 steady state/ with liner PNL 0.65 0.3/0.9 21-46 (70-115)
transient

4 steady statel without liner PNL 0.65 0.3 21-46 (70-115)

transient

5 steady state with liner 10 CFR71 0.8 0.3 21-46 (70-1 15)

6 steady state without liner IO CFR71 0.8 0.3 21-46 (70-1 15)

7 Trrarsient2 with liner None NA 0.9 38 (100)

8 Transient3 with liner None NA 0.9 38 (100)

9 Transient* without liner None NA 0.9 38 (100)

10 Transient4 without liner None NA 0.9 38 (100)

11 transient3 without liner None NA 0.9 38 (100)

NOTE: Decay heatassumed to bc3Wfor all cases.
‘PNL, 1983,CIimatologicalSummaTfor fhe HanfordArea, PNL-4622,PacificNofihwest Laboratories,Richlmd,

Washington (month ofluly).
2Firecasewith no overpackdamage.

3Fke case with overpack damage, top and side.
‘Fke case with overpack damage, top only.
10CFR71, “Packaging and Transportation of Radioactive Material,” Code of FederalRegulations,as amended.

8.4.4 Thermal Analysis

8.4.4.2 Maximum Temperatures. Table B8-12represents acomplete setofsteady-state and
peak transient temperature predictions for the payload configurations that are evaluated at the

prescribed ambient temperature of 37.77 “C ( 100 “F) and for ambient temperatures of 21.11 “C

(70”F),32.22 °C(90”F) and46.110C(1150F). Figures B8-5and B8-6(Cases3and4,
respectively) depict the transient response of the Sample Pig Transport System for the normal

solar insolation cases atanambient temperature of46.ll “C(115 “F). Cases3 and4 were
modeled with up to 8 days of solar insolation with day to night variation.
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Table B8- 12. Sample Pig Transport System Key Component Maximum Predicted

Temperatures for Normal Transport Conditions (maximum temperatnres-°F).

Lead Shipping
208 L (55-gal) (UN 1A2) overpack

Case no. Ambient Payload
shield ~ontiiner(l)

Drum(z) Inner Foam Outer

No solar load

IA 70 173 126 117 79 81 77 71

lB 90 190 144 135 98 101 97 91

lC 100 I 99 153 144 108 111 107 101

lD 115 212 166 158 123 126 122 122

2A 70 149 126 117 79 81 77 71

2B 90 167 144 135 98 101 97 91

2C 100 176 153 144 108 111 107 101

2D 115 189 166 158 123 126 122 122

PNL solar load

‘3~, (3)’ 115 242 196 189 172 114 181 241

4D ,(3)’ 115 219 196 189 172 174 181 240

10 CFR 71 solar load

5A 70 363 319 314 281 283 279 272

5B 90 397 353 346 297 301 296 287

5C” 100 397 353 347 304 307 302 294

5D 115 418 375 368 317 322 315 305

6A 70 366 343 335 284 287 281 272

6B 90 363 340 334 293 297 293 287

6C” 100 363 341 335 298 301 298 294

6D 115 366 343 338 312 313 310 305

‘Also shipping container”0 ring
‘Also drum gasket

3Transient peak temperatures
“Required for onsite shipment
“’Required for offsite shipment
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Figure BS-6. Sample Pig Transport System – Normal Conditions
Temperature Transient Case 4.
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Please refer to Figures B8-3 and B8-4 for node identifications. These cases represent the
maximum normal condhion temperatures for the package, since the associated decay heat of this
payload exceeds that of the other payloads. Part B, Section 8.6.7, contains detailed node
temperatures.

8.4.4.2 Maximum Internal Pressures. The Sample Pig Transport System shipping container
can realize an increase in its ambient pressure by way of two mechanisms. First, expansion
occurs in the heating of the dry inert atmosphere from normal transport or accident conditions.
Second, the payload may consist of material that might volatilize that would allow the evolved
gases to escape into the container cavity and thus increase the internal pressure.

To calculate the maximum pressure, the following conservative assumptions were made:

The temperature of the dry inert atmosphere reaches the maximum hot spot temperature

of the payload. The maximum payload temperature was found to be 116.66 ‘C (242 “F) for the

peak solar case. Actual wall temperatures, such as those for node 22, stayed below 87.22 “C

(189 ‘F) for the peak Solar case. Pressure from hydrogen gas generation (PH) = 3378.43 Pa (0.49
psia) (Part B, Section 9.0).

If the shipping container atmosphere was then heated from 21.11 “C (70 “F) to 116.66 “C

(242 “F), the resultant pressure would be:

(1p/=(p,+ PH) ;

where:

T,= (242+ 460)

T,= (70 + 460)

p,= (14. 7+ 0.81)(242+ 460)= 142 ~pa ~20,58 ~byin,)

(70 + 460)

Therefore, the maximum internal pressure resulting from the normal conditions of
transport condition would be:

P .== 142 kPa (20.58 lbf/ in’)(atmosphere) or

40,6 kPa (5.9 lbj7 inz)(gage)
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8.5 THERMAL EVALUATION FOR ACCIDENT CONDITIONS

8.5.1 Conditions to be Evaluated

The thermal evaluation of the Sample Pig Transport System, for the accident conditions
has been performed analytically using the thermal model described in Part B, Section 8.4.3. The
most critical payload configuration has been employed for this evaluation.

8.5.2 Acceptance Criteria

Acceptance criteria to meet 10CFR71 requirements is that the packaging components
maintain structural integrity, containment of the contents, and shielding. Onsite packaging
performance requirements do not require successful tire results.

8.5.3 Package Conditions and Environment

Free-drop and puncture damage will alter the thermal behavior of the package.
Specifically, free-drop damage affects the geometry of the overpack and the thermophysical
properties of the foam material in the region of the damage. The parametric case descriptions for
the thermal analysis of this model are defined in Table B8-2. A depiction of the thermal model
node network for the hypothetical accident condition is shown in Figure B 8-7. This figure shows
the crushed foam at the top of the package and a local crush zone at the side of the package.

8.5.4 Thermal Model

The thermal model described in Part B, Section 8.4.3, has been used for the transient
analyses associated with the hypothetical thermal accident. Salient differences between the
normrd conditions model and the hypothetical accident model are as follows.

. The ambient environment is a prescribed constant temperature. Up to a time of
0.5 hours, this environment corresponds to a fire at 801.66 ‘C (1475 “F), with an
emissive coefficient of 0.9. Subsequent to this time, the ambient environment drops

to 37.78 “C (100 “F).

● A second node modeling the ambient environment was added to properly model the
convective heat transfer from the surface of the overpack. This boundary node is kept

at 801.66 “C (1475 “F) for the first half hour and dropped to 37.78 “C (100 “F)
thereafter.

. Initial conditions correspond to the most critical conditions found in Part B,
Section 8.2 and defined in Table B8-2.
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Figure B8-7. Sample Pig Thermal Model Hypothetical Accident Node Network.
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● The external convection heat transfer modes are effective throughout the accident
event. No artificial cooling was included in the model. An average convective

coefficient of 1 Btu/hr.-ft2-0F was assumed for the analysis.

. The overpack foam assemblies are presumed to char at 207.22 “C (405 “F). At this
temperature, the foam properties are essentially replaced by an air void of equivalent
dimensions, with thermal properties as defined in Table B8-9.

8.5.5 Thermal Analysis

8.5.5.1 Maximum Temperatures. Figures B8-8 through B8-12 plot the temperature versus
time response of representative thermal nodes. Representative temperature results for all nodes
at selected times are presented in Table B8-13. The predicted maximum payload temperature for

the hypothetical thermal accident is 104.44 “C (220 “F) at 12 hours after the fire for the payload
with liner. This payload temperature has not peaked at 12 hours, when the analysis ended. For

the payload without a lead liner the peak temperature is 87.77 “C (190 ‘F) at 12 hours after the

fire and 91.11 “C(196 ‘F) at 24 hours after the fire. Only the case without the payload lead liner
was analyzed out to 24 hours following the fire. Part B, Section 8.6.8, contains detailed node
temperatures.

Table B8- 13. Sample Pig Transport System Key Component Maximum Predicted

Temperatures for Hypothetical Accident Conditions (maximum temperatures—°F).

208 L Overpack
Case Ambient Payload

Lead Shipping (55-gal)
no. shield container (UN1A2) ]n”.r Foam Outer

dmm

4-hour 7 100 200 158 161 482 507 926 1372
cooldown
ailer fire 8 100 203 162 165 685 725 922 1373

9 100 176 158 161 482 512 927 1372

10 100 177 161 167 685 725 925 1367

11 100 177 161 165 685 725 922 1368

12-hour 8 100 220 176 171 685 725 922 1373

cooldown
after tire 10 100 193 179 178 685 725 925 1367

11 100 I90 174 171 685 725 922 1368

24-hour 11 100 196 174 171 685 725 922 1368
cooldown
after tire
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Figure B8-8. Sample Pig Sample Package – Hypothetical Accident
Temperature Transient Case 7.
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Figure B8-9. Sample Pig Sample Package - Hypothetical Accident
Temperature Transient Case 8.
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Figure B8-1 O. Sample Pig Transport System - Hypothetical
Accident Temperature Transient Case 9.

.———.—.
—
..-.
*.—+,—,
0-0+-$

A—.—.—A—A

PAYLOAD
LEAD PIG
S Stl CONTAINER
C. Stl DRUM
FOAM
OVERPACK SURFACE

o+~r)ll 11:11, 1111,llltllll 1, f-n-~
0,0030.508 1.0 13 1.5 l’b 20232.5 2.73032 3.5

CASE 9 l-me, l-10LIrs



HNF-SD-TP-SARP-OO1, Rev. 2

Figure B8-11. Sample Pig Sample Package - Hypothetical Accident
Temperature Transient Case 10.
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Figure B8- 12. Sample Pig Sample Package - Hypothetical Accident
Temperature Transient Case 11.
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8.5.5.2 Maximum Internal Pressure. The Sample Pig Shipping Container can realize an increase
in its ambient pressure by way of two mechanisms. First, expansion occurs in the heating of the
dry inert atmosphere from normal transport or accident conditions. Second, the payload may

consist of material that might volatilize that would allow the evolved gases to escape into the
container cavity and thus increase the internal pressure.

To calculate the maximum pressure, the following conservative assumptions were made:

The temperature of the dry inert atmosphere reaches the maximum hot spot temperature

of the payload. The maximum payload temperature was found to be 220 “F for the hypothetical

accident case. Actual wall temperatures, such as those for node 22, stayed below 77.22 “C
(171 “F) for the hypothetical accident case. Pressure due to hydrogen gas generation (PsI) =

3,378.43 Pa (0.49 psia) (Part B, Section 9.0).

If the shipping container atmosphere was then heated from 21.11 “C (70 “F) to 104.44 “C

(220 “F), the resultant pressure would be:
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[1PJ =(P,+l%) ;

where:

T1 = (220 +460) and T,= (70+ 460)

~,= (14. 7+ 0.81) (220+ 460)= 137 ~Pa ~19,90 ~bf in, atm)

(70 + 460)

Therefore, the maximum internal pressure resulting from the hypothetical accident
condition would be:

P.= =13 kpa (19.90 lby in2) (atmosphere) or

35.85 kPa (5.2 lbj7 in’) (gage)

The thermal behavior of the Sample Pig Transport System is completely compatible with
the design requirements of the planned payloads. There is no prediction of lead melt, hence, no
potential loss of shielding.

Three sets of data were used in the structural evaluation of the hypothetical accident
condhions.

The shipping package material properties evahrated were at the following temperatures:

Shipping container 77 “C (171 “F)

Shielding lead 80 “C (176”F)

Payload 104 ‘C (220 ‘F)

The shipping container internal pressure was 35.85 kpa (5.2 lbf/in2) (gage).

8.6 THERMAL EVALUATION AND CONCLUSIONS

Therefore, the Sample Pig Shipping System meets all 10CFR71 thermal requirements at
onsite environmental conditions. As described and evaluated by the N-55 Safety Analysis

Report (NuPac 1987), the maximum N-55 overpack temperature for normal conditions is 69 ‘C

(157 “F). This section evaluates the Sample Pig Shipping System drum as a maximum of 78 “C
(172 ‘F) for normal conditions. Therefore, normal conditions temperatures are less than 82 “C

(180 ‘F). As shown by this section, the temperatures of the Sample Pig Shipping System are
during accident conditions are lower than those during normal conditions. All material
temperatures during the accident conditions are less than the material allowable. Therefore, the
Sample Pig Shipping System meets all normal and accident thermal conditions.
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8.8 APPENDICES

8.8.1 Solar Insolation Data

.:
Fmm ;hewl Hydraulic Analysis
Phone HO-33
Date March 12, 1991
Subjad RECOMMENDED STANDARO SOLAR INSOLATION EVALUATION APPROACH

Tti Thermal Hydraulic Anal ysis Group HO-33

I#aste Characterization Analysis Group HO-34

cc: JCG/File
BAC/File
TJB/Fi 1e
W:~F~~

INTRODUCTION,

Recently several analysts in the Thermal Hydraulic Analysis Group

have been faced with evaluating the solar radiation (insolation) that
could contribute to the heating of various waste storage vehicles. To
ensure that a common and valid approach to this would be used, it was
decided to convene a meeting of the affected analysts to reach a
consensus.

A meeting wzs held on 3-5-91 at 10:00 AM to develop a standard
approach for evaluation of solar insolation boundary conditions. The
attendees were T. J. Bander, B. A. Crea, J. C. Guzek and J. J. Irwin.
Their conclusions and recommendations are given below.

CONCLUSION

It was agreed by the participants that a standard and valid
approach to solar insolation is desirable. A consensus we,s reached
and the recommended method is given belox.

RECO14MENDATION

The fol1owing procedure is recommended:

Use the 12-hour integrated values that are required by the Code
of Federal Regulations in 10CFR 71.71 (c) and an hourly heat gain
distribution from the ASHRAE Handbook as B1aine has worked out in the
attached Figure - 1. This basis indicates a peak hourly solar heat
gain for a horizontal surface of 375.6 Btu/hr-ft2 @24 deg-N Lat(USA
Peak) and 355.8 Btu/hr-ft2 @46 deg-N Lat(Hanford Peak). There is
enough margin in the requirements set by IOCFR 71.71 (c) that

correction for diffuse radiat,ion were not made to the basic ASH RAE
data.

.mw Owam ma Ensme+mgCmmaorm m us C+wmemd Ukrsy
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Thermal Hydraulic Analysis Group, et al.
Page 2
March 12, 1991

A reasonable assignment of peaks in adjacent curved and flat

surfaces would be one-half and one-fourth of the horizontal peak
respective y.

It is noteworthy that during winter months in the more northerlY
1 atitudes, a verti~al surface facing south may have a higher
instantaneous heating load than is given by the above approach.
Analysts should judge the relevance of this fact to their evaluations.

The proposed hourly ambient temperature distribution shown in
Figure - 2 was obtained from PNL Data adjusted to a 115F peak.

9*
F;ll;w Engineer

5yfLA4
T. J. Bander,

Software Engineer

~~ &
B. A. Crea,
Software Engineer

/’$6/..f&
J. Irwin,

P;inciple Engineer

Concurrence: \K\ m
T. B. McCal1, Manager
Thermal Hydraulic Analysis

jls

Attachments
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FIGURE 1
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FIGURE2
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Peak Solar Insolation per PNL (Reference 4) is 265.8 8tu/hr-ftz

For Galvanized Steel , assume absorptivity of 0.65

1... !T= = 0.65 X655.8* _ 1 Btu— = 0.000333 —
hr-ft2 x ~600E x ~44~ sec-in2

hr fez

For TAP-A; hr = q,/AT = Radiation Equipment Heat Transfer Coefficient

and AT = T. - T“ = (5561J“R - T“); T“ = outer surface Temperature

for T“ = 200 “F = 660 “R; AT = 4900 ‘R

and hre=flzoo.~ = ~ = 6 .8015 E-8 Btu
sec-in2-” R

hr varies S1 ightly for other wall temperatures.
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Per PNL data the solar insolation at the Hanford site for the peak summer
month of July is tabulated below.

Solar Insolation For Average July Oay at Hanford (1)

Hour-PST Langley Btu/hr-sq. ft

04-05 2.5 9.22

05-06 9.8 36.13

06-07 22.1 81.48

07-OB 36.6 134.94

08-09 49.9 183.98

09-10 60.7 223.80

10-11 68.3 251.82

11-12 72.1 265.83

12-13 71.9 265.10

13-14 67.8 249.98

14-15 60.5 223.06

15-16 _ 49.9 183.98

16-17 37.2 137.16

17-18 23.6 87.01

18-19 11.3 41.66

19-20 2.9 10.69

Sum 647.1(3) 2385.8

Notes:

(1) Per PNL-4622/UC-11, Climatological Summary for the Hanford Area, June”
1983. (Reference 4)

(2) A Iangley is defined as 1 gram calorie per square centimeter.

(3) Total sol ar insolation for a 12 hour period is specified by IoCFR71 at
800 gram calorie per square centimeter.

(4) Solar Absorptivity of Galvanized steel is 0.65 (for oxidized surface)
and a total normal emissivity of 0.3 (for oxidized surface) per
reference 7.
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8.8.2 Effective Thermal Emissivities

g - ‘w-x);
A In finite parrallel,plane( HoIman equ. 8.40)

L+ L-l
%%’

This is of the form; ~=~.”~vxJ(~-z)

Where Fv - View Factor = 1 (assumed)

q = Stefan - Boltzmann Const.; o.1714xlo-8 Btu
~-f ~z -.~4

and Fe = Emissivity Factor

1Fe=—.
~= Emissivi ty of surface 1

...
‘ e2= hlnissivity of surface 22+2.1

%%

For the following Emissivities having been assumed; the F,,, are:

T

MATERIAL e U4TERIAL - MATERIAL F,

304 s. Stl. .6 Lead to 304 S. Stl. 0.43

1ead .6 s. Stl. to s. Stl. 0.43

Fiberglass-L .9 S. Stl. to Fiberglass-L 0.56

Fiberglass -H .9 C. STL. to Fiberglass-H 0.82

C. Stl. (Painted) .9
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8.8.3 Natural Convection Data

NATURAL CONVECTION FROH VERTICAL CYLINDERS AND HORIZOWT8L PLATES

Nua = ~d = C(Grf.Prj)m (Holman Equ. 7-25)
Kf

N@ = Nusselt No. for Vertical Cylinder and Horizontal Plates

h = Convective Heat Transfer Coefficient

Grf = Grashof No. = g B=( 2’”-2’.)d3P:

d

9
= 32 z~

“ sec
Pf = Density@ T=

B 1=7@Tt
Tz( R)

ICf = Viscosity@JTf

Kf =Themal conductivity @ T~; Prf - Prandtl No. @ Tf

d = characteristics Dimension; 32.0 inches for overpack outer diameter

TM = Wall Temperature T* = Ambient Temperature

~= T+z’
f * = film ormeaa temperature

For Air at 1 Atmosphere:

Pr =14.7 x144/(53 .35* Tl(”R))

Kf= 0.0131985 + 2.39268 X10-5 Tf [*I

‘f= 0“03’77”+5“’30’4‘10-5“[=1

Pr~ -0.716108 -0.000107887 T+
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ONSTANTS FOR USE UITH EQN. (7-25) FOR ISOTHERMAL VERTICAL SURFACES

GEOMETRY Gr, Pr, c m

vertfca[Plar.es andcytir4ers ,ft .,$ Use Fig. 7-7 use Fig. 7-7

$.- ;$3 0.5’
V4

0.021 215
,.9- ,.13 0.!0 1/3

Ho,: ZOntal CYtlrdWS
-5 0.6

J-j :Ql$
0

use F{g. 7-8 US. Ffg. 7-8

;$ -- ;$2
0.53 1/4
0.73 1/3

uiw ,.rf.c. Of he.f~ Plat= O? 1P .2X107 0.54 1/4
we, surface of CcOkd ptates
Lwr surface of heated P[atea 0P 3xl$-3x10~0 0.27 1/4
*r s.,face of cc-ok-dpltes

uww surf.,. of h,.:~ Ptates .r aX!07-3X.IO10 0.14
lWW W?face of CCdedPM*

V,

(Ref era. 720)

NATURAL CONVECTION BHNEEN ENCLOSED SURFACES

For air enclosed between two Isothermal Vertical Surfaces:

I
~

0.18Grag for 2000< Gr6<20,000
(7-37)

z=
K ~

O.065Gr/ for 20, OOO<Gr$<l. 1xIO+7
(7-38)

For al r enclosed between two Isothermal Horizontal Spaces:

{

&

~ O .195Gz84 for 104 < Grb < 4 X 10s

K $0. 068GX6 for 4 x 10s < Gr3

and Ke = effective thermal conductivity; Nu = ~

K = thermal conductivity of air at the Mean Air Temperature

Gr8 = Grashof No. - Wgp (1-1-2-2)83

6
P=

= gap distance

L = 1ength of surface

(7-39)

(7-40)
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8.8.4 Internal Heat Generation Data

qgm = 3 Watts = 3 Watts . lo ~35gx 1
watts “

0 “2931 Btu/hr
h 3600&

. ~,oo284 &J,
sec

Volume of the Payload:

Case 1: (with lead 1iner per H2-35369)

~01 . trx3..1402
*3.560 =’ 3.63 in3

4

.“-9g=
Btu= _ = 0.000782-

sec -m3

case 2: (without lead 1 iner; Pig. Container per H2-36076)

vol. . ZXZ.0602—*4.785 = 16.248in3
4

~.Q&= - = o.ooo175— Btu
sec -in3
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8.8.5 TAP-A Sample Pig Input Model

L

l;oF AtiBIEN+TEMP. FIRE CASE I%
.20. 4000. F

0.00
574.40
56~.:;

571:17
0.00

S69.94
0.00

S68.22
566.97
562.91

0.00
0.00

561.99
562.30

0.00
561.09
560.85
561.10
560.92
561.07
560.87
561.09
560.91
560.70
570.18
568.37
569.51
604.98
530.00
604.26
530.00
604.37

635.69
612.56
609.45
606.50
605.59
608.54

0.00
568.74
595.66
568.92
561.56

0.00
571.63
565.65

0.00
570.92

0.00
569.23
570.60
567.72
567.71
561.78

0.00
562.38
561.77
562.36

0.00
561.09
560.91
561.02
560.82
530.00
560.91
561.02
560.92
560.77
569.6B
568.65
56B.73
604.38
530.00
604.20
530.00
530.00

634.77
612.54
609.01
605.68
601.63
623.40

0.00
568.63
596.44
568.59
560.67

0.00
569.17
563.01

0.00
570.25

0.00
568.48
570.50

0.00
566.48
561.06

0.00
562.32
561.28

0.00
0.00

561.02
560.92
561.02
560.79
560.67
561.10
560.92
561.07
560.87
568.98
571.28
568.41
601.68
530.00
604.06
606.50
530.00

623.72
612.38
604.43
604.23
600.76
613.99
573.52
564.00
591.85
568.36

0.00
576.22
568.39
560.70

0.00
568.73
570.82

0.00
569.65

0.00
565.47
567.10

0.00
562.27
560.90

0.00
561.02
560.82

561.09
560.91
560.70
561.02
560.79
560.67
570.63
567.76
570.92
568.59
602.35
606.50
530.00
61)4.47
530.00
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013091.
013097.
013103.
013109.
013115.
013121.
015001.
015002.
015003.
015004.
015005.
03201.
03202.
03203.
03204.
03205.
03206.
03207.
03208.
03209.
03210.
03211.
04201. 1.
04201. 3.
04201. 5.
04201. 7.
04201. 9.
04202. 1.
04202. 3.
04203. 1.
04203. 3.
04203. 5.
04204. 1.
04205. 1.
04205. 3.
04206. 1.
04206. 3.
04206. 5.
04207. 1.
04207. 3.
04207. 5.
04208. 1.
04208. 3.
04209. 1.
04209. 3.
04210. 1.
04210. 3.
04211. 1.
04211. 3.
05 1.

.000198

.000215

.000262.13
.14 .000325
.149 .000354
.112 .000741
.147 .000544
.03 .00047
.03 .000415
.03 .000350
.57 .0000023 500.
.19 .00000042510.
.19 .00000054611.
.19 .00000167402.
.19 .00000236807.
.19 .000003002000.
.17 .00000046530.

530.
660.
1060.
1660.
1960.
530.
1260.
528.
850.
2000.

.17 .00000046861.

.17 .00000490866.

.242 .00000033 500.

.111

.125

.135

.145

.151

.124

.173

.03

.03

.57

.19

.19

.19

.19

.17

.17

.17

.246

612.35 612.35
530.00 530.00
530.00 530.00
568.48 530.00
530.00 530.00

.252

.242

.252

.242

.252

.51

;00000065 1100.
.00000050500.
.00000098 1100.
.00000132 500.
.00000260 1100.
.0000044 500.

.51 .0000044 1100.
204. 0.5700 0.2850 0.6500

.000202

.000239

.000284

.000344

.000364

.000653

.000463

.000455

.000350

530.00TEMP
530.00TEMP
530.00TEMP
530.00TEMP
568.86TEllP

.0000023 2000.

.00000048560.

.000000542000.

.00000224537.

.000002801032.

.00000046860.

.00000490865.

.000009261960.

.00000055900.
.27 .00000095 1700.
.246 .00000083 900.
.27 .000001432000.
.246 .00000220900.
.27 .000003802000.
.51 .0000044 860.
.51 .0000044 2000.

612.70 612.67 612.38
530.00 530.00 530.00
530.00 530.00 530.00
530.00 569.37 568.86
530.00 530.00 530.00
568.59 568.39

560.
5560.
560.
560.
1835.
.281
.284
.41
.253
.0025
.090
.0017
.000041
.000041
.000041
.00668
.109
.116

560.
860.
1260.
1860.
2060.
860.
1560.
700.
1560.

pfs

LEAO
PAYLOAD
FGS-L
FGS-H
FOAM
AIR
AIR1.5
AIR4
CRSH-F
304ss
304ss
304ss
304ss
304ss
CSTL
CSTL
LSAO
LEAD
LSAD
PAYLOAO
FGS-L
FGS-L
FGS-H
FGS-H

FGS-H
FOAM
FOAM
FOAM
AIR
AIR
AIR1.5
AIR1.S
AIR4
AIR4
CRSH-F
CRSH-F
node
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05 2.
05 3.
05 4.
05 5.
05 6.
05 7.
05 8.
05 9.
0510.
0511.
0512.
0513.
0514.
0515.
0516.
0517.
0518.
0519.
0520.
0521.
0522.
0523.
0524.
0625.
0526.
0527.
0528.
0529.
0530.
0531.
0532.
0533.
0534.
0535.
0536.
0537.
0540.
0541.
0542.
0543.
0544.
0545.
0546.
0547.
0548.
0549.
0550.
0551.
0552.
0553.

204.
204.
204.
204.
201.
203.
201.
201.
203.
201.
201.
201.
209.
209.
210.
210.
201.
209.
201.
201.
201.
201.
201.
209.
209.
209.
209.
209.
209.
201.
209.
204.
204.
204.
204.
204.
205.
205.
210.
202.
209.
206.
211.
211.
211.
202.
205.
205.
205.
205.

0.5700
0.5700
0.4050
1.0300
0.0950
1.9075
1.9075
3.0325
3.0325
3.3125
0.2800
0.2800
0.6780
0.6780
3.3125
0.6780
4.3125
4.3750
0.3220
0.3220
2.7595
2.7595
0.3220
0.0625
0.0625
2.8750
0.4375
2.8750
0.0625
0.2800
0.6780
0.4050
0.4050
0.0550
0.0550
0.0550
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.8750
4.8750
2.0625
4.8750

0.2850
0.2850
0.7725
0.5150
1.0775
2.0788
2.0788
1.5163
1.5163
1.6563
3.1725
3.1725
3.6515
3.6515
1.6563
3,6515
2.1563
2.1875
4.1515
4.1515
5.3704
5.3703
4.1515
4.3438
4.3438
5.7500
6.9688
5.7500
4.3438
3.1725
3.6515
0.7725
0.7725
1.0025
1.0025
1.0025
2.1875
2.1875
2.1875
2,1875
2.1875
2.1875
2.1875
2.1875
2.1875
2.1875
6.8125
6.8125
8.2188
6.8125

1.7800
1.7800
0.6500
0.6650
4.8750
4.7550
0.1200
0.1200
2.2700
0.1200
3.1975
1.6775
3.1975
1.6775
3.0000
3.0000
0.2500
1.3750
3.1975
3.0000
1.1875
1.1875
2.0625
3.1975
3.0000
1.0000
2.3750
1.0000
2.4375
2.5100
2.5100
1.7800
1.7800
0.6500
1.7800
1.7800
4.1250
4.0000
2.6250
0.0600
0.7500
0.1250
0.6000
0.5000
0.6390
0.0360
3.1975
2.0000
4.3750
2.4375

node
node
node
node
node
node
node
node
node
node
node
node
node

node
node
node
node
node
node
node
node
node

node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
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0554.
0555.
0556.
0557.
0558.
0559.
0560.
0561.
0562.
0563.
0570.
0571.
0572.
0573.
0574.
0575.
0576.
0577.
0578.
0579.
0580.
0581.
0582.
0583.
0590.
0591.
0592.
0593.
0594.
0595.
0596.
05100.
05101.
05 102.
05 103.
05104.
05 105.
05106.
05110.
05111.
05112.
05113.
05114.
05115.
05116.
05120.
05121.
05122.
05123.
05124.

205.
205.
210.
202.
209.
206.
211.
211.
211.
202.
205.
205.
205.
205.
205,
205.
210.
202.
209.
206.
211.
211.
211.
202.
202.
202.
202.
202.
202.
202.
202.
209.
209.
209.
209.
209.
209.
209.
206.
206.
206.
206.
206.
206.
206.
207.
207.
211.
207.
207.

4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0600
3.2500
3.3750
3.3750
3.3750
3.3750
3.3750
0.0600
0.0600
0.0600
0.0600
0.0600
0.0600
0.0600
1.1900
1.1900
1.1900
1.1900
1.1900
1.1900
1.1900
0.1250
0.1250
0.1250
0.1250
0.1250
0.1250
0.1250
2.3390
2.3390
2.3390
2.3390
2.3390

6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125

10.2500
10.2500
10.2500
10.2500
10.2500
10.2500
10.2500
10.2800
10.8750
10.9375
10.9375
,10.9375
10.9375
10.9375
11.2800
11.2800
11.2800
11.2800
11.2800
11.2800
11.2800
11.9050
11.9050
11.9050
11.9050
11.9050
11.9050
11.9050
12.5625
12.5625
12.5625
12.5625
12.5625
12.5625
12.5625
13.7945
13.7945
13.7945
13.7945
13.7945

4.1250
4.0000
2.6250
0.0600
0.7500
0.1250
0.6000
0.5000
0.6390
0.0360
3.1975
2.0000
4.3750
2.4375
4.1250
4.0000
2.6250
0.0600
0.7500
0.1250
0.6000
0.5000
0.6390
0.0360
3.1975
2.0000
4.3750
2.4375
4.1250
4.0000
2.6250
3.1975
2.0000
4.3750
2.4375
4.1250
4.0000
2.6850
3.1975
2.0000
4,3750
2.4375
4.1250
4.0000
3.5600
3.1975
2.0000
2.0000
2.4375
4.1250

node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
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05125.
05 126.
05127.
05 128.
05129.
05130.
05131.
05132.
05140.
05141.
05143.
05144.
05145.
05146.
05147.
05148.
05149.
05150.
05151.
05152.
05160.
05 161.
05162.
05163.
05 164.
05165.
05166.
05167.
05168.
05 169.
05 170.
05 171.
05172.
07 1.
07 2.
07 3.
07 4.
07 5.
07 6.
07 6.
07 6.
07 6.
07 6.
07 7.
07 7.
07 8.
07 9.
07 10.
07 )1.
07 12.

207.
207.
211.
211.
211.
202.
207.
207.
207.
207.
207.
207.
207.
207.
211.
211.
211.
202.
207.
207.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.

3;:
34.
35.
6.
7.
8.

%:
37.
12.
13.

:::
31.
31.
14.

2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.3951
0.3951
0.3951
0.2270
0.7139
0.0485
2.4375
0.0464
0.0464
0.0464
1.1451
1.1451
1.1451
2.1020
2.1020
2.2961
0.1430

13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
15.4640
15.4640
15.4640
15.4640

.15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
0.1733
0.1733
0.1733
0.0271
0.0464
0.6907
0.6907
0.0279
0.0279
0.0279
0.1369
0.1369
0.1369
0.1369
0.1369
1.2550
0.3228

4.0000
3.5600
0.6000
0.5000
0.6390
0.0360
1.1875
1.1875
3.1975
2.0000
2.4375
4.1250
4.0000
3.5600
0.6000
0.5000
0.6390
0.0360
1.1875
1.1875
3.1975
2.0000
2.0000
2.4375
4.1250
4.0000
3.5600
0.6000
0.5000
0.6390
0.0360
1.1875
1.1875
0.5700
0.5700
0.5700
0.9750
1.0300
1.1250
1.1250
1..0300
1.0300
1.0300
3.0325
3.0325
3.0325
3.0325
3.0325
3.3125
3.3125

0.6500
1.7800
1.7800
0.6500
0.6650
4.7550
0.0950
0.6500
1.7800
1.7800
3.1975
1.6775
0.1200
0.1200
2.2700
0.1200
3.1975

node
node

node
node
node
node

node
node
node
node
node
node
node
node

node

node

node
node
node
node
node
node

node
node

node
node
node
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm
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07 13.
07 14.
07 15.
07 16.
07 17.
07 17.
07 18.
07 19.
07 20.
07 21.
07 21.
07 22.
07 22.
07 23.
07 24.
07 25.
07 26.
07 27.
07 28.
07 29.
07 30.
07 31.
07 33.
07 34.
07 40.
07 41.
07 42.
07 43.
07 44.
07 45.
07 46.
07 47.
07 48.
07 49.
07 50.
07 51.
07 52.
07 53.
07 54.
07 55.
07 56.
07 57.
07 58.
07 59.
07 60.
07 61.
07 62.
07 63.
07 70.
07 71.

0.1430
0.3543
0.3543
2.2961
0.3543
0.3543
2.9892
3.0325
0.1641
0.1641
0.1578
1.5435
1.1850
1.5435 “
0.1641
0.0314
0.0314
1.6038
0.2221
1.6038
0.0314
0.1430
0.2270
0.2270
3.0325
3.0325
3.0325
3.0325
3.0325
3.0325
3.0325
3.0325
3.0325
3.0325
2.8292
2.8292
1.0934
2.8292
2.8292
2.8292
2.8292
2.8292
2.8292
2.8292
2.8292
2.8292
2.8292
2.8292
1.0473
1.0473

0.3228
0.1578
0.1578
0.3228
1.1850
0.1578
1.0313
1.2188
0.0311
0.0311
0.3543
0.2153
0.3543
0.2153
0.0311
1.9375
1.9375
0.9637
0.9637
0.9637
1.9375
0.3228
0.0271
0.0271
1.9375
1.9375
1.9375
1.9375
1.9375
1.9375
1.9375
1.9375
1.9375
1.9375
0.9496
0.9496
0.9496
0.9496
0.9496
0.9496
0.9496
0.9766
1.4970
1.5501
1.5501
1.5501
1.5501
1.5501
0.0300
0.0300

3.3125
3.9905
3.9905
3.3125
3.9905
3.9905
4.3125
4.3750
4.3125
4.3125
3.9905
6.7500
3.9905
6.7500
4.3125
4.3750
4.3750
7.1875
7.1875
7.1875
4.3750
3.3125
0.9750
0.9750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
9.2500
11.2500
11.2500

1.6775
3.1975
1.6775
3.0000
1.1875
1.8125
0.2500
0.0625
3.1975
3.0000
1.3225
1.1875
1.1875
1.1875
1.0625
3.1975
2.0000
1.0000
2.3750
1.0000
2.4375
2.5100
1.7800
1.7800
4.1250
4.0000
2.6250
0.0600
0.7500
0.1250
0.6000
0.5000
0.6390
0.0360
3.1975
2.0000
4.3750
2.4375
4.1250
4.0000
2.6250
0.0600
0.7500
0.1250
0.6000
0.5000
0.6390
0.0360
3.1975
2.0000

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm

corm
corm
corm
corm
corm
corm

corm
corm
corm
ann
corm
corm

corm
corm

corm
corm
corm
corm
corm
corm
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07 72.
07 73.
07 74.
07 75.
07 76.
07 77.
07 78,
07 79.
07 80.
07 81.
07 82.
07 83.
07 90.
07 91.
07 92.
07 93.
07 94.
07 95.
07 96.
07100.
07101.
07102.
07103.
07104.
07105.
07106.
07110.
07111.
07112.
07112.
07112.
07113.
07114.
07115.
07116.
07120.
07121.
07 122.
07 123.
07124.
07125.
07126.
07127.
07128.
07129.
07130.
07131.
07 132.
07140.
07141.

%:
94.
95.
96.

1;::
116.
127.
128.
129.
130.
100.
101.
102.
103.
104.
106.
106.
110.
111.
112.
113.
114.
11s.
116.
120.
121.
122.
131.
132.
123.
124.
125.
126.
140.
141.
162.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
160.
161.

1.0473
1.047’3
1.0473
1.0473
1.0473
1.0800
1.7408
1.8115
1.8115
1.8115
1.8115
1.8115
0.0300
0.0300
0.0300
0.0300
0.0300
0.0300
0.0300
0.6096
0.6096
0.6096
0.6096
0.6096
0.6096
0.6096
0.0627
0.0627
0.0627
0.0627
0.0627
0.0627
0.0627
0.0627
0.0627
1.2177
1.2177
1.2177
1.2177
1.2177
1.2177
1.2177
1.2177
1.2177
1.2177
1.2177
1.2)77
1.2177
0.5080
0.5080

0.0300
0.0300
0.0300
0.0300
0.0300
1.3125
0.0623
1.7800
1.1185
1.1185
1.1185
1.1185
0.5799
0.5799
0.5799
0.5799
0.5799
0.5799
0.5799
0.0623
0.0623
0.0623
0.0623
0.0623
0.0623
0.0623
1.1185
1.1185
1.1185
1.1185
1.1185
1.1185
1.1185
1.1185
1.1185
0.4918
0.4918
0.0180
0.4918
0.4918
0.4918
0.4918
0.4918
0.4918
0.4918
0.4918
0.4918
0.4918
0.0180
0.0180

11,2500
11.2500
11.2500
11.2500
11.2500
11.3100
12.5000
12.6250
12.6250
12.6250
12.6250
12.6250
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
12.5000
12.5000
12.5000
12.5000
12.5000
12.5000
12.5000
12.6250
12.6250
12.6250
12.6250
12.6250
12.6250
12.6250
12.6250
12.6250
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
14.9640
15.9640
15.9640

4.3750
2.4375
4.1250
4.0000
2.6250
0.0600
0.7500
0.1250
0.6000
0.5000
0.6390
0.0360
3.1975
2.0000
4.3750
2.4375
4.1250
4.0000
2.6250
3.1975
2.0000
4.3750
2.4375
4.1250
4.0000
2.6850
3.1975
2.0000
4.3750
1.1875
1.1875
2.4375
4.1250
4.0000
3.5600
3.1975
2.0000
2.0000
2.4375
4.1250
4.0000
3.5600
0.6000
0.5000
0.6390
0.0360
1.1875
1.1875
3.1975
2.0000

corm
corm
corm
corm
corm

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
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07143.
07144.
07145.
07146.
07147.
07148.
07149.
07150.
07151.
07152.
07 12.
07 20.
07 13.
07 21.
07 20.
Ill ;.

07 51:
07 21.
07 31.
07 22.
07 52.
07 22.
07 31.
07 23.
07 52.
07 24.
07 53.
07 90.
07 110.
07 91.
07 111.
07 92.
07112.
07 93.
07113.
07 94.
07114.
07 95.
07 115.
07 96.
07 116.
07160.
07160.
07161.
07161.
07162.
07162.
07163.
07163.

163.
164.
165.
166.
167.
168.
169.
170.
171.
172.

3091.
3081.
3092.
3082.
3071.
3061.
3072.
3062.
3084.
3094.
3073.
3063.
3085.
3095.
3074.
3064.
3075.
3065.
3051.
3041.
3052.
3042.
3053.
3043.
3054.
3044.
3055.
3045.
3056.
3046.
3057.
3047.
3001.
3021.
3002.
3022.
3003.
3023.
3004.
3024.

0.5080
0.5080
0.5080
0.5080
0.5080
0.5080
0.5080
0.5080
0.5080
0.5080
0.1430
0.1578
0.1430
0.1578
0.1641
1.9375
0.1641
1.9375
0.1578
0.1430
1.5435
0.9637
1.5435
0.1430
1.5435
0.9637
0.1641
1.9375
0.0300
0.0623
0.0300
0.0623
0.0300
0.0623
0.0300
0.0623
0.0300
0.0623
0.0300
0.0623
;.::;;

0:0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180

0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

15.9640
15.9640
15.9640
15.9640
15.9640
15.9640
15.9640
15.9640
15.9640
15.9640
3.3125
3.3125
3.3125
3.3125
4.3125
4.3125
4.3125
4.3125
3.3125
3.3125
6.7500
6.7500
3.3125
3.3125
6.7500
6.7500
4.3125
4.3125
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
11.3100
16.0000
16.0000
16.0000
16.0000
16.0000
16.0000
16.0000
16.0000

2.4375
4.1250
4.0000
3.5600
0.6000
0.5000
0.6390
0.0360
1.1875
1.1875
3.1975
3.1975
1.6775
1.6775
3.1975
3.1975
2.0000
2.0000
1.3225
1.3225
1.1875
1.1875
1.1875
1.1875
1.1875
1.1875
2.4375
2.4375
3.1975
3.1975
2.0000
2.0000
4.3750
4.3750
2.4375
2.4375
4.1250
4.1250
4.0000
4.0000
2.6850
2.6850
3.1975
3.1975
2.0000
2.0000
2.0000
2.0000
2.4375
2.4375

corm
corm

corm
corm

corm

corm
corm
corm
corm
corm
corm
corm
corm

corm
corm
corm
corm
corm
corm

corm
corm

corm
corm

corm
corm
corm
corm
corm
corm

corm
corm

corm
corm
corm

corm
corm

corm
corm
corm
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07164.
07164.
07 165.
07165.
07166.
07166.
07167.
07167.
07168.
07168.
07169.
07169.
07170.
07170.
07 )71.
07171.
07172.
07172.
07 1.
07 2.
07 3.
07 4.
07 33.
07 5.
07 5.
07 35.
07 36.
07 7.
07 8.
07 9.
07 10.
07 11.
07 12.
07 13.
07 14.
07 15.
07 16.
07 17.
07 18.
07 19.
07 20.
07 21.
07 22.
07 22.
07 23.
07 23.
07 25.
07 26.
07 27.
07 27.

3005.
3025.
3006.
3026.
3007.
3027.
3008.
3028.
3009.
3029.
3010.
3030.
3011.
3031.
3012.
3032.
3013.
3033.

::

3::
34.

3::
36.
37.
8.

1::
11.
16.

;;:

:::
18.
18.

{:

22:
23.
27.
24.
29.
26.
27.
28.
51.

HNF-SD-TP-SARP-OOI, Rev. 2

corm
corm

corm

corm
corm

corm
corm

corm
corm

corm
corm

corm
corm

corm
corm
corm

corm
corm

corm
corm

corm
corm
corm
corm
corm

corm
corm

corm
corm

corm
corm
corm
corm
corm
corm
corm
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07 28.
07 29.
07 29.
07 40.
07 41.
07 42.
07 43.
07 44.
07 45.
07 46.
07 47.
07 48.
07 50.
07 51.
07 52.
07 53.
07 54.
07 55.
07 56.
07 57.
07 58.
07 59.
07 60.
07 61.
07 62.
07 70.
07 71.
07 72.
07 73.
07 74.
07 75.
07 76.
07 77.
07 78.
07 78.
07 79.
07 80.
07 81.
07 82.
07 90.
07 91.
07 92.
07 93.
07 94.
07 95.
07100.
07101.
07 102.
07 103.
07104.

a
53.
41.
42.
43.
44.
45.
46.
47.
48.
49.
51.
52.
53.
54.
56.
56.
57.
58.
59.
60.
61.
62.
63.
71.
72.
73.
74.
75.
76.
77.
78.

1%
80,
81.
82.
83.
91.
92.
93.
94.
95.,

1;!:
102.
103.
104.
105.

1.1875
1.2406
0.5000
2.0625
2.0000
1.3125
0.0300
0.3750
0.0625
0.3000
0.2500
0.3195
1.5988
1.0000
2.1875
1.2188
2.0625
2.0000
1.3125
0.0300
0.3750
0.0625
0.3000
0.2500
0.3195
1.5988
1.0000
2.1875
1.2188
2.0625
2.0000
1.3125
0.0300
0.3750
0.3750
0.0625
0.3000
0.2500
0.3195
1.5988
1.0000
2.1875
1.2188
2.0625
2.0000
1.5988
1.0000
2.1875
1.2188
2.0625

1.6038
1.2188
1.2188
2.0000
1.3125
0.0300
0.3750
0.0625
0.3000
0.2500
0.3195
0.0180
1.0000
2.1875
1.2188
2.0625
2.0000
1.3125
0.0300
0.3750
0.0625
0.3000
0.2500
0.3195
0.0180
1.0000
2.1875
1.2188
2.0625
2.0000
1.3125
0.0300
0.3750
0.0625
1.3425
0.3000
0.2500
0.3195
0.0180
1.0000
2.1875
1.2188
2.0625
2.0000
1.3125
1.0000
2.1875
1.2188
2.0625
2.0000

0.4375
0.0625
2.8125
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.3750
4.8750
4.8750
2.0625
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
4.8750
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0600
3.2500
1.1900
3.3750
3.3750
3.3760
3.3750
0.0600
0.0600
0.0600
0.0600
0.0600
0.0600
1.1900
1.1900
1.1900
1.1900
1.1900

6.9688
:.;;;:

2:1875
2.1875
2.1875
2.1875
2.1875
2.1875
2.1875
2.1875
2.1875
6.8125
6.8125
8.2188
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
6.8125
10.2500
10.2500
10.2500
10.2500
10.2500
10.2500
10.2500
10.2800
10.8750
11.9050
10.9375
10.9375
10.9375
10.9375
11.2800
11.2800
11.2800
11.2800
11.2800
11.2800
11.9050
11.9050
11.9050
11.9050
11.9050

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm
corm
corm
corm
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07105.
07110.
07111.
07112.
07113.
07114.
07115.
07120.
07121.
07122.
07122.
07123.
07123.
07124.
07125.
07126.
07127.
07 128.
07129.
07 140.
07 141.
07 143.
07143.
07 144.
07 145.
07146.
07147.
07 148.
07 149.
07 160.
07161.
07162.
07162.
07163.
07163.
07164.
07 165.
07166.
07 167.
07168.
07169.
07170.
07 11.
07 18.
07 18.
07 40.
07 41.
07 43.
07 43.
07 45.

106.
111.
112.
113.
114.
115.
116.
121.
131.
131.
132.
124.
132.
125.
126.
127.
128.
129.
130.
141.
151.
144.
152.
145.
146.
147.
148.
149.
150.
161.
171.
171.
172.
164.
172.
165.
166.
167.
168.
169.
170.
171.

3093.
3083.
3076.
3066.
3110.
3120.
3060.
3050.

2.0000
1.5988
1.0000
2.1875
1.2188
2.0625
2.0000
1.5988
1.0000
1.0000
1.0000
1.2188
1.2188
2.0625
2.0000
1.7800
0.3000
0.2500
0.3195
1.5988
1.0000
1.2188
1.2188
2.0625
2.0000
1.7800
0.3000
0.2500
0.3195
1.5988
1.0000
1.0000
1.0000
1.2188
1.2188
2.0625
2.0000
1.7800
0.3000
0.2500
0.3195
0.0180
0.0600
0.1250
0.1250
2.0625
2.0000
0.0300
0.0300
0.0625

1.3425
1.0000
2.1875
1.2188
2.0625
2.0000
1.7800
1.0000
0.5938
0.5938
0.5938
2.0625
0.5938
2.0000
1.7800
0.3000
0.2500
0.3195
0.0180
1.0000
0.S938
2.0625
0.5938
2.0000
1.7800
0.3000
0.2500
0.3195
0.0180
1.0000
0.5938
0.5938
0.5938
2.0625
0.5938
2.0000
1.7800
0.3000
0.2500
0.3195
0.0180
0.0180
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.1900
0.1250
0.1250
0.1250
0.1250
0.1250
0.1250
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
2.3390
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
0.0360
3.0325
3.0325
4.3125
4.3125
4.3750
4.3750
4.3750
4.3750

11.9050
12.5625
12.5625
12.5625
12.5625
12.5625
12.5625
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
13.7945
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.4640
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
15.9820
1.6563
1.6563
2.1563
2.1563
2.1875
2.1875
2.1875
2.1875

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

corm
corm

corm
corm

corm
corm

corm
corm
corm

corm
corm

corm
corm

corm
corm
corm

corm
corm

corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm
corm

B8-50



HNF-SD-TP-SARP-OO1, Rev. 2

07 55.
07 57.
07 57.
07 59.
07 75.
07 77.
07 77.
07 79.
07 49.
07 49.
07 63.
07 63.
07 83.
07 83.
07130.
07130.
07150.
07150.
07170.
07170.
093041.
093041.
093051.
093051.
093042.
093042.
093052.
093052.
093043.
093043.
093053.
093053.
093044.
09304’4.
093054.
093054.
093045.
093045.
093055.
093055.
093046.
093046.
093056.
093056.
093047.
093047.
093057.
093057.
093048.
093048.

3111.
3121.
3059.
3049.
3112.
3122.
3058.
3048.
3016.
3035.
3016.
3036.
3017.
3037.
3018.
3038.
3019.
3039.
3020.
3040.

5010.
5011.
5011.
5010.
5012.
5013.
5013.
5012.
5014.
5015..
5015.
5014.
5016.
5017.
5017.
5016.
5018.
5019.
5019.
5018.
5020.
5021.
5021.
5020.
5022.
5023.
5023.
5022.
5024.
5025.

2.0000
0.0300
0.0300
0.0625
2.0000
0.0300
0.0300
0.0625
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180
0.0180

-1.
-2.

:;:
-1.
-2.
-1.
-2.
-1.
-2.

:;:
-1.
-2.
-1.
-2.
-1.
-2.

:;:
-1.
-2.
-1.
-2.
-1.
-2.

:;:
-1.
-2.

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

.82

.82

.82

.82

.82

.82

.82

.82

.82

.82

.82

.82

.82

.82

.82

4.8750
4.8750
4.8750
4.8750
2.0000
2.0000
2.0600
2.0600
4.3750
4.3750
4.8750
4.8750
3.3750
3.3750
2.3390
;.;;::

1:0000
0.0360
0.0360

6.8125
6.8125
6.8125
6.8125

10.2500
10.2500
10.2800
1:.;:;;

2:1875
6.8125
6.8125

10.9375
10.9375
13.7945
13.7945
15.4640
15.4640
15.9820
15.9820

corm
corm
corm
corm
corm

corm
corm

corm
corm
corm
corm
corm

corm
corm

corm
corm

bonn
bonn

bonn
bonn
bonn
bonn
bonn
bonn

bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn

bonn
bonn

bonn
bonn
bonn
bonn
bonn
bonn
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5025.
5024.
5026.
5027.
5027.
5026.
5028.
5029.
5029.
5028.
5030.
5031.
5031.
5030.
5032.
5033.
5033.
5032.
5034.
5035.
5035.
5034.
5036.
5037.
5037.
5036.
5038.
5039.
5039.
5038.
5040.
5041.
5041.
5040.
5042.
5043.
5043.
5042.
5044.
5045.
5045.
5044.
5046.
5047.
5047.
5046.
5048.
5049.
5049.
5048.

-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.

:;:
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.

.82

.82

.82

.82

.82

.56

.56

.56

.56

.56

.56

.56

.56

.56

.56

.56

.56

.43

.43

.43

.43

.43

.43

.43

.43

bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn”
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
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093085. 5050.
093085. 5051.
093095. 5051.
093095. 5050.
093110. 5060.
093110. 5061.
093120. 5061.
093120. 5060.
093111. 5062.
093111. 5063.
093121. 5063.
093121. 5062.
093112. 5064.
093112. 5065.
093122. 5065.
093122. 5064.
093001.30135005.
093021.3033.5005.
093015.30205006.
;::035 .3040. :;:5 .

121: 5. .006175
1233. 37. .000175
25
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-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.
-2.
-1.

:::
-2.
-1.
-2.
-1.

-1.

300. 600.

.43

.43

.82

.82

.82

.82

.82

.82

.90

.0000019

.90

.0000019
900. 1200.

bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn
bonn

1500.

bonn
bonn
bonn
bonn
bonn
bonn
bonn
m-nt
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8.8.6 TAP-A Sample Pig Steady State Temperat22res

m DRu3is73mY ST.4TE (3 wTT - MNC. MT. EL 70F M. TW pm ~, WE 1A)

W7ER~m;3WE244:: Al

, 323.72
319.64
319.03
315.85
315.32
315.26
319.01
322.79
281.41
277.82
302.34
280.97
271.66
2B.61
280.41
382.37
224.91
222.16
282.87
234.22
277.72
272.00
2Z3.33
272.81
2n.34
271.24
271.t6

0.0000 SEW:
WE

2

!:
17
22

:;
37
44
49
54
59
70
73
30
9!

13
112
120
123
130
142
lk7
152
164
169

!N-DEG
TW-F
352.m
319.45
319.41
314.19
314.12
311.92
316.34
322.92
221.35
271.t2
291.79
23S.90
287.67
y23J

233:26
280.65
281.47
222.54
278.76
277.25
371.&6
273.49
272.26
272.34
271.22
271.69

PIG DEW 272uW STATE (3 uATT - Cmc. Hr. =+.

If
:
26
31
26
43
42
32
58
62
74
79
50

lx
111
136
324
129
141
146
151
163
?6s

l!4TERN;m;3WRAMUlE; AT

, 359.29
353.52
352.96
2L8.76
3i8.C9
348.C4
352.X!
356.54
298.13
28s.04
329.9a
297.61
226.67
301.34
296.59
301.59
297.81

g.~

294:16
2s7,07
22s.79
&OJ

284:29
2s6.66

o.@400 SEC0!4:#FDEG
umE

2 3% .58
353.37

1: 353.30
346.53

;: 346.44
27 343.30
32 350.00
37 356.67
44 298.05
49 226.68
54 313.73
59 297.53
m 307.23
73 298.39
34
91 z:;

297.35
In 298.78
112 300.53
120 g:
125
t30 226:67
$42 289.W
147 287.37
152 232.22
164 238.36
169 236.71

FA2ENHE11..—-
,Uk

3

1!
18
23

E
40
45
50
55
64
71
76
81

1%
103
113
121
126
131
143
la
164
165
170

90F W. M+?

FAR2NN:1T

3

1:
18
23
23
33
40
4s
50
55
M
71
76
81

X
105
113
121
126
131
143
143
160
165
170

nmE
4

1:

;:
29
24
41
46
51
56
61
n
77

z
101
;:

m
127
132
144
149
163
w
171

P2AK 2UN, 2A32 18)

lEMP-F
397.0$
35S.20
353.26
346.65
346.37
244.61
3S9.67
320.31
2?7.97
334.23
300.94
295.15
3U.21
297.69
289.92
301.09
30t .%
297.34
39.6.5
293.74
292.65
293.97
23S.65
236.99
2M.91
236.83
236.27

NmE
4

1:

;:

E
41
46
51
56
61

:
22

!::
W
114
m
127
132
14
149
161
166
171

1371P-F
323.67
319.19
317.63
312.43
313.94
311.18
326.35
235.53
279.30
307.07
281.22
273.37
229.10
Zm.n
272.42
222.34
223.06
280.46
261.29
279.62
274.27
273.22
273.11
271.76
271.80
271.75
271.74

?2W-F
359.24
353.17
351.04
344.12
246.19
342.23
359.93
344.23

w
398.@6
2-31.03
3G9.59
297.35
287.57
300.09
241.*9
397.12
293.58
296.87
229.73
295.73
22s.45
236.79
236.83
226.n
286.n

)imE

Ii
:;
:
35
42
47
52
57
62
72
73
23

1:$
110
115
122
128
140
145
150

;:
W2

Km

1:

;:
25
30
35
42
47
52
57
62
73
78
82

1s
tlo
115
122
123
140
745
%50
162
167
172

M!P-F
324.20
319.08
317.25
316.01
315.89
313.64
::.;;

275:69
3C4.83
281.03
272.73
225.19
280.53
271.65
281.62
222.77
282.98
280.60
2is.25
272.38
272.35
272.98
271.71
271.81
271.69
271.23

TEUP-F
357.59
353.02
350.55
X8.99
348.82
345.76
356.33
293.77
291.39
332.29
297.69
287.92
30S.69
297.13
236.65
298.98
3W.80
301.10
297.45
296.96
228.11
222.S2
22S.26
235.=
285.M
226.70
286.32
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PM ORLWST3AM 3TATE (3 I/All - 2DNC. NT H/. 100F MEW T2W PF.M 3UN W lC)

rNTym:mmmJRA; Al

3s9.17
i 333.28

11 352.64
342.87

if 348.%
26 348.28
31 352.57
% 356.36
43 304.60
48 255.22
53 232.39

303.30
z 294.16
?& 207.62
79 303.29

307.07
.: 303.92
-103 305.62

111 3C-2.54
116 302.14
126 Z&J
129
141 396:03
146
151 ~6:;
163
168 394:17

12M9-F
3% .43
3S3.11
353.C4
246.91
346.86
Z44.w
350.01
356.42
3C4.32
294.17
317.97
303.82
312.6? .
30U6
300.42
SC-6.55
302.57
3@4.71
3c6. !8
302.00
300.07
294.18
296.20
2%.78
296.C4
.2%.32
2%.73

NWE
3

1:
18
23

2
Lo
45
50
55
64
n
76

:;
100
105
113
121
126
131
143
142
164
365
<70

12K9-F
396.24
332.26
353.01
347.18
266.77
%5.23
359.51
332.62
344.27
336.6$
;c$~

312:%
303.71
297.05
3C6.67
3C4.23
303.77
303.45
302.02
.2$9.&3
302.22
2%.22
2%.46
2%.37
2%.39
294.30

ii
51
56
61
72
77
22

12
1C6
114
122
127
132
144
149
?61
166
171

PIG 0RL34$72.4DYSTATE (3 WATT - ~C. HT GEM. ~t5F AHZIE~ T~ p~ ‘N ‘SE lD)

i
11

E
:
24
43
48
53
58
63
74
79
99

lE
111
116
124
129
141
f46
151
163
128

lHTERUA~;EWERAl$p:; Al

220.76
373.02
374.37
370.35
249.83
369.74
374.24
378.01
317.07
305.52
351.18
316.82
:O#3J

316:63
322.14
317.62
320.?9
32! .48
316.41
3*3.34
303.53
307.52
306.64
W7.54
305.33
335.07

0.000E3EC0!+~w;: FDEGF6R~2H~!l

2 4!7.01 3
376.87

1; 374.2.3 1:
17 3.$2.21
22 368.14 E

364.97
;: 371.58 E
37 372.!2 40
66 316.94 4s
f,9 305.02 50
54 3?4. t7
59 316.75 E
70 328.57 71

318.13 76
3 312.22 81
91 321.96 92

3!6.92 j~~
In 318.91
112 320.98 113
120 315.67 121
123 312.69 126
130 305.02 131
142 307.76 143
1&7 %5.85 148
152 307.55 160
164 305.30 $65
169 305.13 170

Km
&

1:

1:
39
34
41
66
51
%
61
z?
77
82

In
106
116
122
127
132
164
149
161
166
171

TEW-F
359.10
352.81
351.05
246.77
346.62
343.13
359.75
X9.74
302.17
237.78
3$6.28
298.06
314.55
203.66
2%.96
305.82
3c6.n
303.37
344.54
303.02
296.89
302.05
253.71
2%.30
.2%.36
294.33
z94.30

T2HP-F
224.69
374.61
3n.70
263.72
367.87
363.2a
381.32
322.64
314.48
::~g

3C9:76
330.73
316.81
306.06
320.40
321.73
316.69
318.69
316.24
3@8.42
315.51
307.12
345.22
305.29
305.19
305.21

mm

1?

;:

E
35
42
47
52
57
63
73
78
83

13
110
115
133
128
140
145
150
162
167
172

Km

1;
15
20
23
30
35
42

::
57
63
73

E

1:$
110
115
133
128
140
+43
150
762
167
In

TEW-F
3s7.72
352.67
350.58
349.22
249.07
246.23
356.14
3(?4.95
298.38
324.93
303.%
2%.27
310.72
303.6?
29&.15
3%.89
3C6.41
3@&65
303.61
301.32
Z%.&s
396.03
29s.55
294.26
.2%.35
2%.18
294.35

TEMP-F
379.&l
374.45
372.18
370.77
370.61
347.44
377.81
317.79
;;j.~;

316:93
306.G2
326.19
316.58
305.C4
319.U9
321.26
321.63
317.23
314.59
306.65
307.s5
3C6.87
305.16
305.30
305.?1
305.33
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PIG 0tLC42T2.hDY3TA1E (3 UATT D]ST. HT. GEN. 70F AM8. T2W. PEAK W, CASE 24)

lUTiRNAAEUPERA#E; ATO.0@20
nmE

365.58 2
1 342.70

342.89 1;
337.53 17
3?4.8! 23
336.71 27
342.05 32
343.81 37
234.37 44
273.33 69
317.70 54
.383.82 59
271.71 70
2a8.21 75
383. !4 84
227.79 91
384.01
286.08 1?!
207.12 112
223.97 120
279.91 125
273.15 330
274.00 142
273.22 147
276.02 152
Zn .9s 164
271.70 169

83cmmF1w DEGp&llEIT
734P-F

565.53 3 244.s2
342.55 342.37
&.fi 1: 342.44

18 333.45
325:00 23 224.93
331.68 28 333.05
338.88 33 3s3.24
343.@3 Lo 318.C8
284.28 45 286.19
271.73 S 50 332.23
3gg 55 287.32

64 281.G9
394:37 71 2%.78
2%.63 76 283.69
279.33 81 273.32
287.24 287.33
283.53 12 287.51
284.98 105 283.32
224.69 313 28S.84
23! .45 121 281.48
279.14 ;:! &.g
:;}g

$43 2T2:87
272:48 148 272.C6
274.04 160 271.96
271.93 165 271.89
271.75 170 271.81

NCOE
4

1:

;:
29
34
41
46
51
56
61
72
77
22

1:
1C4
114
123
!27
132
w
149
161
166
171

PIG DRLWSTEW SIATE (3 WTT D131. H7. G2N. 50F ML UP?. P3AX WI, 2ASE 22)

1:
i;
36
31
36
43
48
53
58
83
74
79
90

1%
Ill
116
124
139
%1
146
151
163
!28

INTERUAAWER;#E; ATO.0000
M(OE

1 363.36 2
340.50
329.93 1:
3?6.24
335.2.5 J
335.58 27
339.90 32
341.61 37
293.85 44
287.42 g
3g;;

59
286:63 g
397.27
y7:g 2JI

g:
!U

296:63 1!2
293.15 120
391.67 125
226.89 130
238.12 142
287.50 147
388.13 152
288.77 164
286.22 769

umE
6

1:
;:
29
34
41
u

51
56
61
72
77
82

Ifi
1C6
IV.
123
127
132
144
149
t61
164
In

me-f

353.33
342.34
340.%
333.5s
324.74
330.56
353.W
25.3.79
321.22
324.21
224.3!
276.53
396.22
323.55
272.70
32.5.32
287.37
283.27
234.75
2$2.74
373.12
221.55
273.67
271.24
271.9!
271.23
271.22

T2UP-F
351.!?4
3f.0.14
328.30
332.23
333.59
30.69
350.24
258.98
292.25
325.73
293.5$

E.z
293.42
327.19
2%.28
296.79
393.32
39L.C6
293.75
238.39
392.94
387.22
236.71
2S.76
286.68
226.71

WOE

1:
15
20

E
35

:;
52
57
63
72
72
23

I&
110
115
123
128
I&o
145
130
163
167
173

NWE

!?3
;:
33
30
35
42
47
52
57
63
73
78
23

172
110
1!5
123
128
160
?43
150
163
167
172

T2W-F
353.54
342.18
339.49
337.22
337.64
334.22
343.32
285. W
276.93
:&:

273:09
392.21
223.29
271.22
285.20
284.93
387.24
283.60
284.73
273.30
276.03
273.47
271.77
271.92
271.?4
271.9L
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PIGDRLWST39DY2TAT2(3 ‘dAll 01S7. W. CW. IOOFMB. 12P9. PW.2SM. U23 2C>

tMTEMAL 72WE3JWJ3ES ATO.0000 SECCWSFIM DEG[5WiE1T
NCOE 12x9-F WOE

363.69 2 242.45 3
i 340.68 340.55

11 340.26 1: 240.50 1;
233.33 17 355.07 18

:; 326.30 22 224.53 22
3X..Z3 352.6t 28

% 360.20 :; 237.33 32
%! .79 37 %1 .77

: 297.99 44 297.92 :!
43 3%.53 49 .2w.oa 50

322.49 54 310.11 55
:; 2-?7.70 59 297.67 60
a .39&m 70 202.04 71
74 301.24 73 298.51 76
n .?97.49 m 296.42 81
St 301.39 91 301.26

292.!8 96 2?7.76 1%
In 3+9.03 105
111 %$ :2 g;; 113
116 297.55 tzo 121
126 297.14 125 296.55 126
139 294.23 130 394. ?2 131
141 235.15 142 2%.22 163
146 394.55 147 3%.32 ;4J
151 2%.16 152 395.10
162 294.19 164 3?%.16 165
w 2%.10 169 3%.16 170

Pm mw smm 2TATE(3 UAT7tmT

1:

E
36
31
34
42
48
53

2
76
79
93
95

::
116
124
1.3
141
146
1s1
162
168

INTERNAL73WERAW3ESA1O.OOOO
WOE TEW-F nmE

1 265.69 2
242.34
242.31 1;
329.69 :
329.27
339.22 27
342.30
243.55 z
312.26 4
305.17 49
339.25 54
311.8S 39
3LE.24 70
313.24 73
311.34 8.2
373.6$ 91
311.73 96
312.76
313.% %
311.2S 120
309.58
305.58 %
3@4.53 142
3@6.13 147
3C6.% 152
305.46 1C4
303.24 169

. HT. GM. 115F

SE2CUDS IN DEG
15W-F
265.34
342.70
342.66
g::

336.50
30.46
%3.92
312.35
305.35
320.43
311.24
317.11
312.07
369.48
313.60
311.S3
312.19
313.11
310.40
309.20
305.34
3c6.&4
305.75
3C6.54
305.65
325.%

wWE

::
2
41
46
w
56
61
72
77
83

1%
m6
Tl&
122
127
132
144
W9
161
164
171

MB. lEW. P2M WI. CA3E20)

FAREHHEIT
WOE 75W-F MCOE

3 X4.72 4
242.48

1: %2.62 1!
18 334.52
33 g;; ;:

29
z 353:36 24
40 329.52 41
45 312.!9 46
50 331.99 51
55 313.59
69 310.39 E
7; 317.3! 73

311.&4 77
:: 307.26

313.41 z
t% 313.54 101
105 311.63 106
?13 312.65 ?14
121 310.41 122
126 30s.8t 127
131 310.55 132
143 306.45 w
142 305.53 149
160 305.L7 161
165 2C3.43 166
170 30s.39 171

1G4P-F
351.20
340.42
338.69
525.21
324.8-3
251.78
35?.ot
Z4z.a
2?7.09
327.39
3%.%
295.52
307.64
297.65
294.39
300.09
301.10
397.64
398.94
393.92
2%.12
29&33
394.81
296.18
3%.33
394.11
296.21

NmE

1:
%
3
35

::
52
57
22
72

E

1%
110
115
132
128
140
145
150
162
167
122

NmE

1:

:
33
30
35
42
67
52
57
62
73
72
s

1%
110
115
123
!3s
140
145
150
163
167
172

13W-F
351.55
%0.30
338.29
557.(!4
326.92
3X.47
241.79
292.47
295.65
324.24
297.76
2%.49
3C4.35
397.56
294.02
2f9.16
300.79
301.12
3W.O!
297.77
396.58
295.15
294+6
3%.18
84.33
2%.W
.3%.21

T2W-F
353.63
242.24
%0.96
2?9.32
239.73
337.25
343.95
312.58
3@2.19
520.36
311.33
306.08
315.95
311.45
305.33
312.30
313.23
313.&l
311.51
310.00
326.18
3L6.54
304.23
305.37
305.44
305.56
305.46

B8-57



If

::

26

31

2
48
33
58
63
74

E

lE
111
116
124
129
141
1b6
151
163
152

nnmw 75UPERNUIES

IIWE KBP-F
1 281.!6

274.50
273.89
268.94
267.98
267.88
272.8S
277.55
221.15
211.42
230.65
220.66
210.10
224.61
220.01
224.37
220.22
222.70
223.64
219.26
217.26
210..50
212.16

.211.43
212.1s
210.35
210.11

AT 0.0000 3ECMIDS IN OEC
M~E

2

1!
17
22
27
32
37
44
49
34
59
70
73
34

;:
W4
112
120
123
130
142
147
152
164
169

FARENHEH

13MP- F
317.42
274.34
274.23
266.39
366.27
263.15
270.39
272.07
221.05
210.12
235.62
220.56
230.20
221.42
216.89
2X.23
220.45
221.71
223.20
218.52
2?6.57
210.11
2?2.?4
210.79
212.18
210.33
210.16

NC9E

3

1:
18
23
28
33

::
50

z
71
76
81

%
105
113
121
126
131
1L3
148
160
165
170

lW-F

281.10
274.10
271.49
263.26
266.01
262.09
221.77
226.91
218.73
236.54
221.14
214.30
232.14
220,45
210.97
222.97
223.92
220.16
221.46
219.76
213.07
218.71
211.24
210.24
210.31
210.22
210.22

PIG 0Ru4 3T2M7 37A7E (3 WTT - c0!4c. MT. G3U. 90F AHB. 12W. ILUFORD SW, 2ASE 3B1

AT O. O::ESECON;:JFDEG FARf13M:1T

2 Z&.: 3

1; 291:46 1:
282a 18

z 283.56 22
280.40

:; 287.62 ;:
~ 393.14 :;

337.n
49 226.26
34 252.34 :!
59 237.83 M
70 246.42 71
75 337.92

233.34 :!
; 240.31

236.97 1X
12 238.03 105
112 239.37 113
120 234.73 121
123 232.90 126
130 226.26 131
?42 228.43 143
147 226.96 143
1s2 228.32 160
164 226.47 ?65
169 326.31 170

ii
1:;

102

114
122
127
132
!44
149
161
166
171

TEW-F

298.05
291.27
238.73
28!.18
223.30
279.34
292.73
243.64
235.32
2Z3.6.3
337.72
230.65
248.52
237.03
227.15
239.20
240.00
3?4.69
237.79
235.92
229.34
.334.22
328.0?
226.39
226.45
226.37
226.28

W3E

1:
::
25
34

35
42
47
52
57
62
72
78
32

1::
110
11s
122
1.32
140
145
150
162
167
132

MmE

1:

;:
33
30
35
42
47
52
57
62

:
83

1::
110
$15
122
128
140
445
150
162
367
172

E!4P-F

279.24
273.96
270.96
258.96
2t8.79
265.57
277.76
221.81
216.64
233.40
230.76
211.30
222.17
220.17
210.09
.321.?5
2Z.56
223.77
220.63
217.3$
21$.50
212.18
211.66
210.18
2!0.32
2?0.14
210.35

W+?- F
296.k2
29!.12
228.23
228.33
2&. 16
282.85
2%.81
232.51
331.02
270.62
237.41
327.51
244.54
234.76
226.22
~.27
239.69
239.34
236.88
234.19
227.70
228.31
227.34
226.33
226.42
226.29
226.49
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HNF-SD-TP-SARP-001, Rev. 2

PIG W&i 2T2JDY STATE (3 ‘&T? - 20MC. HT. En. 100F APS. TEW. W6FC$.DW Z&3 32>

1MTERIL44:3W3LW; AT

303.39
2-?6.92
396.42
392.01
391.20
291.11

E;
2.$5.20
335.53
274.31
244.69
334.33
242.57
2U.05
248.23
244.87
246.70
267.66
243.89
241.32
234.62
336.26
255.54
236.33
234.46
234.23

0.0f&0ESECC4DS lM MC FME~:lT

2

1;
17
33

:1
37
&4
49
%
59
70
73
3.3
91

1%
112
120
133
130
?&z
147
152
134
169

12W-F
339.65
298.83
296.77
209.76
389.64
236.62
293.31
:Og.::

224:33
239.46
244.3U
~:~:

240.%
248.19
244.4S
245.72
247.24
242.76
240.63
33$.23
Z&u
334.50
23&27
234.64
334.27

WAX
s

1:
18
23
23
33
La
45
g

60
71
76
81

12
105
1?3
121
126
131
14’3
142
16U
165
170

1MTE~~EWE3ANR:; AT

313.73
: 307.47

$1 :($.:

:: 201:36
38 301.77
31 346.85
36 310.72
43 356.64
42 247.48
33 285.28
58 236.13
63 246.23
74 339.%
79 255.55
90 239.74

336.34
;: 238.15

359.11
116 235.41
<24 333.W
139 2W.32
14! 243.1a
146 247.49
151 248.19
463 248.42
168 248.35

o.OOOo=sEmw:#rDEG FA2~ENglT

2 350.00 3
307.32

1; 307.26 1;
17 300.40
22 300.30 2
27 297,% 33
32 303.87 33
37 310.85 40
44 356.s2 45
49 246.26 50
54 270.64 55
59 336.0S a
70 285.38 71
75 336.35 76
80 232.67 81
91 239.60

255.92 1%
12 257.18 305
112 352..70 t13
220 254.LO 121
125 252.33 126
130 243.25 131
143 260.34 143
147 ;4J.8J 143
132 124
164 266:65 ?65
169 246.29 17U

me- F
341.10
396.65
296.74
389.95
269.57
387.85
303.76
274.64
24s.02
278.89
247.78
263.32
234.41
244.59
357.33
247.87
Za.os
244.63
246.67
242.73
X9.9!
262.97
Z6.12
334.33
3X.63
334.60
234.34

13!49. wWX+D

L
9

14
19
34
39
34
41
48
51
56
61
72
77
32

In
106
114
123
127
132
144
149
161
w
371

3W

TEU9-F
3.23.33
296.62
294.31
387.30
289.33

?3:$
350.s4
242.79
380.C4
245.lh

%.%
244.46
335.C8
;$~

244:18
245.L9
243.82
337.16
262.?7
235.96
2?4.35
2%.42
334.s
324.%

CA3220>

NC9E
‘

$
14

;:

2
61
48
51
56
61
73

g

$01
?C6
114
122
127
132
144
149
163
166
171

EE9-F
313.67
307.03
Z&g

300:06
296.37
32;

2%:33
390.93
336.57
330,$8
367.29
335.02
247.03
338.38
339.%
335.58
336.97
255.63
249.02
334.42
247.28
246.’27
246.44
243.24
248.%

M(OE

1:
15
20

E
35
42
67
52
57
63
72
78
33

1::
110
115
123
128
740
145
150
162
167
173

FKQ6

t:

:i
33
30
35
42
47
32
57
62
T3
78
23

1%
110
115
122
128
WO
145
130
163
167
173

T3W-F
312.15
306.95
3C4.41
302.73
302.36

$7::

250:51
y6.~

~;:;;

235:69
246.33
337.39
238.98
359.33
335.96
353.72
247.35
248.21
247.70
;&::

266;20
246.47
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HNF-SD-TP-SW-001, Rev. 2

T3W- F

346.98
262.16
262.26
2%.28
253.82
252.01
269.58
228.23
207.69
242.79
210.S9
204.92
217.32
207.27
199.77
210.54
210.69
207.23
2W.03
205.22
202.37
205.44
15%45
196.23
196.77
196.71
196.66

NWE
4

J
2
.29

%
61

46

51
%
61
72
37
82

In
1C4
114
122
127
132
w
149
?61
~:

L!LmE

1:

i:

E
35
42
47
52
57
62
n
7a
83

1%
110
115
132
128
140
145
150
163
167
172

72W-F

267.41
261.$9
258.82
256.67
236.50
233.22
255.77
2C8.58
201.23
240.7t
m~$

214:92
2C6.84
196.57
2C8.58
210.16
210.33
207.04
2C4.51
197.99
198.61
198.10
196.63
1%.74
1%.64
196.75
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HNF-SD-TP-SARP-OO1, Rev. 2

PIG DRIR! STEUY STATE (3 uA?7 D1$T. HT. G2W.70F N. 12HP. HAWOROW6, C=3 4A)

:
!2
21

$:
24
43
43
53

2
76
79
w

1%
111
116
124
129
141
146
151
163
162

AT 0.0000 SECLW$FDEG
b’wE

2 386.41
;6JLJ

1;
17 356:6t
32 356.51

353.92
:; 260.03
37 36-2.69
44 2t9.33
49 21O.C3
54 331.33
59 218.24
70 326.7$
75 2!9.59

215.73
: 331.87

218.78
lU 219.82
112 221.02
120 217.24
135 215.51
130 210.07
?&z 211.93
147 210.65
152 211.84
164 210.26
169 210.11

FAREW21T
UC9E

3

1:
18
23

E
40
45
50
55

.:
76
81

1%
105
113
$21
126
131
143
148
W
165
170

T3W-F
285.50
3b3.26
263.38
356.24
356.45
254.95
274.13
263.85
219.16
247.57
221.%
216.92
337.C4
218.W
212.71
321.64
221.72
218.96
220.41
217.25
214.89
217.43
311.32
210.34
2~0.29
210.23
210.16

N(OE
4

1:

;:
29
34
41
46
51
36
63
72

z

lR
Iw
114
133
127
132
144
149
161
164
171

PIG DRLW31EADYWAIE (3 UATTDIS1. W. GE!4.W MB. TEMP.IWFORD3W, CASE6B)

i
I
21

E
3.5
43
48
33
58
63
74
n
m

1%
111
116
124
129
141
146
151
133
168

lHIERIIAL TEMPERATURESAl
KOE WWF

30?.22
278.36
2i7.32
273.70
272.W
273.83
277.79
279.67
2?4.39
337.17
358.74
234.04
226.19
=7.50
333.61
237.49
334.40
236.C4
236.92
333.54
331.73
336.30
227.2?
327.20
237.82
226.39
226.20

Nme
6

!:
;:
3
41
46
51

U
77

z

1::
1C4
114
123
t27
132
144
?49
161
164
?71

72RT-F
274.14
263.23
36&97
236.50
336.3
333.C4
373.94
234.03
217.28
242.47
219.33
213.59
228.32
218.72
210.84
22U.85
331.61
218.%
219.61
218.14
212.57
217.27
211.53
210.~8
210.24
210.18
210.17

T311P-F

228.93

278.01
273.83
369.53
271.26
368.@8
232.70
239. ?3
332.58
262.69
334.44
339.31
263.75
322.94
226.84
236.23
237.13
233.77
224.59
333.82
338.42
322.98
337.34
226.30
226.36
236.3?
336.29

liCOE

1:
;:
i?
35
42
47
52
57
62
73
78
83

1:$
110
1!5
123
138
140
145
150
162
167
172

NmE

J

::

E
35
42
47
52
57
62
73

E

1%
110
115
123
;$

745
130
162
167
773

132!P-F
274.42
263.11
260.52
Z3z.n
232.61
355.92
344.71
219.34
213.87
245.87
219.01
211.08
225.13
218.53
210.06
220.02
331.30
221.43
218.76
216.62
211.24
211.80
211.38
210.13
210.25
2m.?o
210.27

TEHP-F
289.19
277.24
:;.;

273:58
270.93
279.47
3X.93
239.56
23! .04
2?4.12
237.09
240.46
323.73
226.18
235.34
226.73
237.C4
224.C6
332.37
237.24
237.34
227.38
326.26
236.37
226.23
226.39
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HNF-SD-TP-SW-001, Rev. 2

PIG DRU74STEAOT STATE (3 WATT D]ST. ill. C311.100F AU3. TW9. HANFO!D3UN, C4SE 4C)

:
11

i:

$%
43
42
53
58
63
74

:

X
111
116
!34
129
141
146
151
163
168

1B!739.NAL72WEt4TU?iES Al
wmE TRIP-F

322.34
339.96
3$9.28
2?4,75
393.5t
393.20
3$9.24
301.05
245.47
a5.57
276.12
244.93
234.32
269.03
244.3o
248.75
245.16
247.06
242.s
244.14
241.51
234.23
224.30
a5 .57
236.32
224.47
23C.23

PIG DRW 2T2ADY27A1E (3

)W1E3UAA:231PE2ATT AI

33?.n
i 308.92

11 308.36
304.15

X 303.42
303.32

: 3ca.33
36 31O.CG
43 337.69
43 247.63
53 385.64
58 257.18
63 246.26
74 .260.94
79 256.51
93 260.66

237.23
1% 259.03
111 234.00
116 256.33
124 253.57
la 246.67
161 268.33
146 247.62
157 ;4J.3J
13.2
162 246:27

0.2000ESECCWyFDEG FMNHEN1l

2 323.76 3
259.84

1: 2W.73 1!
17 292.35 18
32 292.25 23

289.07
:; 29’5.11 :
37 301.03 40
44 245.37 45
49 234.24 .20
% 260.69 53
59 244.66 60
70 234.79 71
73 245.72
3U 241.13 X
91 248.61

244.72 l:t
lfi 246.03 105
1?2 267.62 113
120 262.39 121
125 2&o.2a :;;
t30 234.32
742 236.S0 143
147 234.92 168
152 ~~ 160
164 t65
169 234:28 170

; WATT 01ST. HT. GEII. 115F AM8. WV.

0.0000 2EcmDs In DEG W&ll
llmE lEW-F

2 331.74 3
3@a.78

1: 3@2.73 J
301.97 ~

E 301.32
27 398.89
32 305.40 z
37 3?0.02 40
44 257.64 45
49 246.28 so
% 271.% 55
59 237.09 a
70 234.39 71
73 257.63 76
80 253.28 81
9! 260.52

256.36 lfi
1; 338.09 105
112 239.59 113
120 254.97 121
123 232.90 126
130 246.37 131
142 248.S3 143
1&7 246.97 148
152 248.36 164
164 246.49 163
169 243.31 170

NCQE
r.

1:

1
29
34
41
46
51

::
72
77
32

In
106
%14
122
127
?32
144
149
161
166
171

72PP-F
310.42
3$9.2.0
397.76
229.24
291.52
Z8.oo
310.29
231.41
243.03
~;;

23s:49
356.83
2&4.72
23s.10
247.32
242.32
244.44
345.2a
244.10
737.24
243.02
235.59
224.36
2?4.43
234.35
234.35

HMFCUOW!+ 2A2E W

NmE
‘z

1:

1:
29
34
41
:

56
61
72

E

1:;
106
114
122
127
132
W
149
161
136
171

TEWP-F
319.46
3@2.57
2J13.39
299.58
301.62
.W7.29
:K&.2z

253:2o
292.35
257.62
.250.61
238.35
336.91
247.16
259.30
264.23
256.32
237.87
336.09
269.33
Z5.02
248.03
246.60
246.67
246.39
246.38

NCOE

1:

::
25
30
35
42
47
52
57
62
73
72
22

12
120
115
123
128
140
145
150
162
167
7/2

NmE

1?

E
23
30
35
42
.47
52
57
62
n
73
83

1%
110
115
!23
123
140
145
130
362
367
172

T2MP-F
310.73
2+9.45
296.65
294.22
.2%.65
3W.53
301.05
2L.3.13
238.85
279.00
245.05
235.65
252.73
244.46
234.21
246.26
247.93
248.19
244.73
242.27
235.64
Z&%
235.3n
334.30
2?4.4
234.26
234.47

lEW- F
319.75
3@8.L3
303.55
;&f;

301:21
310.03
258.30
230.97
289.37
337.26
247.51
2t4.44
236.64
246.24
258.31
259.8a
230.13
236.87
234.29
247.7C
248.24
247.85
243.?4
246.48
246.30
246.50
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HNF-SD-TP-SARP-001, Rev. 2

PIG DRLU 3TE.4DYSTATE (3 U4TT - mNC. m. UN. 70F AM& 13W. MOW CASE 5A)

1-A43WANRES AT 0.0000 33C~S lu_DEG WE12~~11

1
b

: u
21
26
31
26
42
42

z
23
74

$

1:
111
116
124
129
141
166
151
163
168

TEHP-F
134.71
;~:

1t9:74
118.17
118.I?8
125.49
130.49
79.03
71.76

1~3J

70:72
81.97
72.02
81.45

E;
m.sa
77.83
76.89
71.18
72.44
71.90
72.62
71.23
70.92

T2M9-F
170.97
323.92
!23.87
116.91
116.75
113.94
121.33
130.63
S8.m
70.73
91.23
78.51
%.49
79.39

W
78.6$

E:E
77.C8
73.59
70.89
~:~

77:48
71.22
70.98

walk
3

1:

E

%
40
65
so
Ss
60
71

::

1:;
105
113
121
$26
131
143
148
la
165
1?3

T2wP-F
172.56
123.69
123.84
!16.90
116.69
115.03
135.07
103.69

1%X
;9.6;

86.76
73.m
73.13
81.10
81.C6
78.63

R:
73.00
77.20
n.bo
71.14
71.23
71.1S
71.c4

WWE
4

1:

;:

z
41
46
51

::
73
77

E
101
106
114
122
127
132
144
1<9
161
16
171

Pm outrs smmn 3TA7E (3 WATT - mnc. HT. cm. 90F AW. T2W. wo 2W CASE 52)

:
12
16
21

::
26
43
43
32
32
63
74
79

2
102
311
116
124
129
14$
146
1s1
163
W

0.0;WOE3EWJ~FDEG FAMN2N:1T

2 122.40 3
1&3.63

1; ?43.52 1:
17 135.09
22 W.% 2
27 132.24
32 139.28 z
37 142.20 g
44 98.77
49 50
54 1%.: 55
59 92.28 60
70 W&w 71
73 99.21
80 95.67 ::
91 307.19

98.45 1;:
1% 105
112 1%.; 113
320 97.00 121
133 95.49 ;;:
134 90.81
142 93.= 143
147 91.32 143
152 92.39 16.3
134 9?.13 165
769 50.89 170

12n9-F
189.97
?43.40
?63.55
t35.11
134.89
133.28
152.50
122.45
98.26

126.14
101.15
96.69

*W%
98.54
93.C4

100.95
100.94
98.S0
99.6s
96.98
96.91
97.11
92.31
91.0S
91.14
91.06
90.93

NmE
4
9

46
51

:!
72
77
82

1::
la
1?4
133
127
132
144
149
161
166.
171

T2W-F
W.a
123.67
W3.23
114.42
116.51
113.C4
13S.35
34.02
77.13

$$:

73:28
83.C8
73.58
7! .66
24.43
20.95
78.33
79.C6
77.24
73.03
n.07
72.23
71.03
71.14
71.0S
71.@4

TEUP-F
152.08
143.33
140.22
132.73
124.37
131.37
152.77
102.64
97.0.2

126.94
-.96
93.?7

107.59
93.43
91.34

100.28
100.82
%.10
98.%
97.71
92.94
96.39
93.19
w.%
91.03
50.96
90.96

MmE

1:

El
33
30
35
42
47
52
57
62
72
73
82

1:$
110
11s
133
138
140
145
150
162
167
172

UmE

li

ii
25
30
35
42
;,

57
62
73

E

1::
110
115
123
128
103
145
150
162
167
172

y:
123:56
121.82
119.02
118.86
116.11
130.39
73.64
74.12

105.63
73.77
71.67
34.3a
78.23
70.8t
79.70
80.65
84.62
78.22
76.59
71.54
72.50
72.12
71.00
71.15
70.9s
71.20

TEIIP-F
lf.9.40
w3.27
139.78
137.17
937.02
134.32
147.%
?9.L7
94.03

124.32
9$.62
91.59

106.51
98.11
90.?3
99.54

100.53
100.59
93.32
96.50
91.81
92.41
92.02
93.91
91.@4
90.36
91.11
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PIG DRWI ST3AW STATE (3 w17 - ~C. HT. GEM. 100F AMB. 13W. NO3W CA2ESC)

lw_DEG L4RENHgT
T2W- F
197.44
152.24
152.76
144.46
144.32
161.66
142.56
157.31
1C8.76
lw.67
120.31
108.37
115.59
W9.18
105J6
111.18
102.42
lW.2G
110.16
1C6.59
105.67
100.77
102.45
101.28
102.36
101.09
100.25

NCOE
3

1:

!!
38
33
Lo
4s
50
5s
a
71
76
81

l%
<05
113
121
126
131
143
la
160
165
170

NmE
6

1:
::
29
34
41
46
5!

z
72

:

1:
1C6
114
123
127
132
144
149
161
164
171

PIG DRU4 373mY STATE (3 W - CONC.HT. GEM. l15F W. T~. m ~H WsE 5D)

1

1:
;;
26
31
3-6
43
6a
33

:
74

%

lE
111
116
124
129
141
146
151
163
%8

lNIERMAL TWERA71JRES AT
umE TE!O-F

174.40
166.38
165.83
t60.73
159.&7
!59.32
165.81
370.51
123.77
116.38
146.04
1=.39
1!5.62
126.46
122.24
126.t8
133.64
124.82
123.44
122.67
120.91
t16.C4
117.26
116.71
117.24
116.03
115.~

ii
51
56
61
73
7?
82

In
1!26
114
133
127
132
144
149
161
766
In

TEiP-F
161.12
152.55
149.49
142.13
lU.W
140.79
161.81
113.%
107.00
136.47
10$.93
103.76
117.45
1C8.41
101.35
110.36
110.33
W&w
!02.96
107.72
102.91
106.59
102.15
lM.5U
lm.02
100.92
100.92

T3W-F
174.35
365.99
$63.W
155.97
157.87
154.65
173.!24
122.22
123.92
130.51
123.83
118.70
132.12
123.30
116.23
133.16
125.73
123.00
133.89
123.64
117.85
121.92
!17.W
115.24
115.96
115.26
115.8S

!4WE

1?7
15

B
30
35
42
47
52
57
63
73
72
23

1::
110
11s
123
138
140
145
15o
163
167
173

NmE

5

;;
20

z
35
42
47
52
57
62
73

E

lfi
110
tls
!23
128
140
145
150
162
167
173

;gq
152:45
349.05
146.56
146.38
143.70
1S6.97
lW.43
lti.w
133.89
1@8.6n
101.56
114.41
mz.w
100.70
W9.52
1?0.53
110.61
102.33
306.69
107.72
102.3a
101.29
100.27
101.02
100.22
101.07

TEHP-F
371.85
165.88
162.66
160.28
160.13
157.49
170.30
124.33
118.94
142.01
133.50
116.50
129. !6
Iz.ol
115.64
126.42
135.45
123.%
122.15
121.43
116.72
117.32
116.93
115.81
115.96
115.76
116.01
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PIG D3UUSTEADY STATE (3 WATT DIS1. 81. GEU. 70F A218.?EW. UO9-W, CASE 6A)

lUIERNAL 1Et!PERA7U2ESAT O.OWO3Em!4DS W DEGFAREMHEIT

1!

;?

E
36

:
53
58
63
74
79
90

1%
111
116
124
129
141
146
151
162
164

TEPP+
142.39
126.14
123.64
119.84
118.27
118.17
123.6t
127.23
79.05
71.73

103.62
78.66
70.7a
81.F9
72.04
81.L8
78.94
30.10
80.61
77.84
76.11
71.t8

E:
n.42
71.25
70.92

II(OE
2
7

Ii
17
32
27

:$
44
49
54
59
m
75
20
91

1%
112
120
125
130
142
147
152
164
169

TEW- F
148.%
?26.01
125.%
117.W
1?6.84
114.03
121.44
127.24
73.92
70.78
91.28
78.53
$:;

g

79:40
30.26
77.10
75.M
70.%
72.57
71.41
72.49
71.22
70.98

NmE
3

1:

2
22
23
a
45
50
55
64
71

:

1%
105
113
121
126
13?
143
143
la
16S
170

7EW- F
148.03
123.22
125.94
116.39
?16.78
115.12
1?6.66
103.76

1%8
81.4S
76.82
26.80
78.72
73.14
81.13
81.C8
78.65
73.77
77.W
75.01
77.21
72.40
71.14
71.23
71.15
71.C4

NME
4

1:

z
E41
4b
51
56
61
72
77
22

1:?
lU
114
122
127
132
144
149
161
166
171

PIG DRW S73AD1 STATE [3 WATT DIST. HT. GW. 9W A!43. TEitP. MO2W, C4SE 52)

1:
;:
::
S6

:
53
58
63
74
n
w

1:
111
116
124
129
141
;:

163
162

1N1ERM;~:3H9E8ANR& AT

1 $s6.55
143.70
143.20
137.74
1?4.30
136.21
<43.17
144.81
98.=
91.64

133.27
98.49
90.70

101.69
97.91

101.39
98.76
99.93

1:>:

%5:93
91.W
92.35
91.81
92.32
91.13
90.22

0.0000 SE20NDS IN DEOFAR~21:11
,Nme 13W-F

2 164.50 3
163.S6

11 143.51 1:
17 135.05
22 124.91 ~

132.21 ;:
:; 139.23
~ 144.79 :

98.76
49 50
34 1%X 55
59 98.32 60
70 106.:: 71
n
m 95.67 :;
91 101.18

98.44 1%
12 $9.24 105
112 100.13 113
320 96.39 121

95.42 :;:
:% 90.81
142 92.42 143
147 91.32 142
132 ;.:; ;:
164
169 90:29 WI

13W-F
163.58
143.37
143.49
135.07
1?4.83
152.24
154.22
f2&:

126:10

W-F
13-2.22
123.2a
122.37
114.52
116.61
113.13
126.43
24.05
77. fs

108.L3
79.14
75.29
88.12
72.63
n .47
&l.&
80.97
72.24
~.08
77.2.2
n.ofl
77.07
72.29
71.02
71.15
71.03
71.0S

TE!+P-f
154.23
163.35
t40.17
132.22
lx.ta
131.33
156.C4
103.63
97.01

136.91
92.95
92.72

107.57
98.42
91.22

100.27
100.82
92.09
98.%
97.71
92.94
%.58
92.19
50.94
91.0s
50.%
9U.93

IWOE

1:

1?
%
35
42
47
52
57
62
73
78
83

lE
1?0
115
123
128
I&o
165
150
162
167
In

L!mE

1:

x
25
30
35
42
:.

57
62
73
78
83

1:
110
115
122
128
la
145
150
162
167
172

7EUF’-F
K!6.98
125.69
121.92
319.31
118.93
116.20
127.25
79.66
74.13

105.71
78.79
71.62
24.92
78.35
%82
79.73
2&67
8+3.7U
78.35
76.61
7! .m
72.51
73.12
71.00
71.15
70.%
71.20

TEW- F
154.53
163.24
139.72
137.13
!36.97
134.28
144.81
99.6
9L.02

1&6;

91:59
lo#:

93:73
99.53

100.32
100.58
98.22
96.49
91.81
92.41
92.02
90.91
91.06
9.3.24
91.11
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PIG DRW4S12MY STATE (3 WIT 01S1. HT. GEH. l@JF AW. TEMP. YO 2UII, CA326-C)

IWTERWl TEWERANRES AT 0.0000 SEWS IN EC F.4REUH=1

PIG DRW ST3WY 2T.41E (3

A
::
z
24
43
48
33
38
63
74
79
90

1%
1$1
116
124
139
141
146
151
%3
168

lNTW1 T2W’ERAA AT
um:

169.20
IC6.35
165.84
MO.73
S9.u
159.37
365.22
167.46
123.77
116.58
146.04
123.39
115.62
126.46
122.82
126.18
133.63
12&.e4
123.4
123.67
120.91
116.00
117.26
tt6.71
117.26
316.03
115.73

ii
27
32
37
64
L9
54
59
70
73
80
91

lE
112
120
125
130
742
?47
1s2
164
169

WOE
3

t!

z
28
33
60
45
50
55
69
71

:?

1::
105
113
121
126
131
143

;2
t65
170

W6TT 0151. HT. GEN. 115F MB. TEW. NOWE, 2A3E 0)

0.0000 SKOltO;H;:FDEG FAW&lT
ma

2 189.15 3
lti.z~

1; 1t4.t6 1:
158.23

z ;;$: E

:; 162:!7 =
37 167.64 40
u, 133.66 45
49 115.63 50
54 134.82
59 :g.;; g
70
73 124:05 ;;
g 120.59

126.07
123.31 1:

IR 12/,.15 105
1!2 ?25.69 113
720 121.92 121
123 120.40 $26
130 115.72 131
142 117.39 143
147 116.32 143
152 117.30 160
164 116.02 165
169 115.73 ?70

T2WF
182.23
1&6.02
165.14
158.27
w2.@4
156.L9
?76.87
146.21
123.56
l&9.77
123.90
321.m
130.94
123.41
117.55
!35.82
723.83
123.39
124.59
121.92
119.33
122.05
117.21
115.96
116.C4
:::g

N(OE
4

1;

E

:
41
46
51
56
61
73
77
62

In
1C4
134
123
127
133
VA
149
161
K6
t71

lW-F
163.62
152.%
149.45
142.10
144.05
;g.g

113:52
106.59
136.44
108.92
103.76
117.43
W8.39
101.35
110.23
110.23
108.07
?.23.95
107.71
102.91
1C6.98
102.15
100.%I
101.02
100.92
100.92

T2W- F
176.28
166.00
163.07
155.97
:SJ.8J

176:63
138.28
121.92
150.50
123.s2
148.70
132.11
122.30
116.29
123.15
123.74
123.00
123.89
722.65
117.85
121.92
117.09
1*5.86
115.96
1*3.22
115.86

umE
5

1’
20

E
35

;$
52
57
62
73
78
33

12
110
115
!23
128
140
145
150
163
167
173

Km

1?

;:
33
30
35
42
47
52
57
62
73
73
83

1;
~10
115
123
128
11.O
145
130
162
167
173

TC.49-F
163.72
152.43
149.01
146.50
146.3&
tL3.67
t53.99
1u9.L3
104.OD
133.2S
1c8.59
101.56
114.40
1c2.@8
100.70
1G9.51
110.52
110.60
1C8.22
1C4.43
101.78
102.38
301.59
100.87
Tol .02
100.32
101.07

mllP-F
lrr. 1s
165.89
162.62
160.37
16Q.11
157.68
167.46
124.!3
118.94
tL8 .00
123.49
116.50
129.15
123.00
115.64
124.Lt
123.43
123.54
122.15
121.k2
116.73
117.32
116.93
115.81
115.96
;:~;:

B8-66



HNF-SD-TP-SARP-OO1, Rev. 2

8.8.7 TAP-A Sample Pig Transient Temperatures

PIGPACUGElM.W1EM7(3 UT7 D12?. B7. GS!4.100F $-MB.1S+?. FIRE C423, 2A22 11)

IHTERN88E2WERAA:: Al

1 I?s.n
152.24

1: 152.28
147.C4

X 14s.68
145.59

: 152.35
24 153.99

10s.86
: 101.33
53 131.S5
58 m3.47
43 100.67
74 111.62
79 107.90

111.32
2 VJ3.73

103 1G9.94
111 110.50
116 107.72
124 105.98
129 101.C6
WI 102.32
147 101.2s
152 102.26
164 101.29
169 100.35

1:

i!
;:
34

ii
53
58
63
74

R,

1%
111
116
124
129
141
X7
152
164
169

lMTERM.ALT3WE3AWRES AT
IWE lEHP.F

175.72
152.32
152.24
147.06
145.t2
145.59
152.3S
153.59
109.32
426.33
131.83
110.64

1137.61
111.63
112.16
111.30
lc@.75
1?0.16
t10.67
107.89
116.77
490.89
602.26
355.41
402.45

12Z.67
1216.12

0.0f00E33y:;NFDE0 FAR2112N:2T

173.69 3
; 152.73

12 152.70 1:
17 164.43 18
32 144.29 73
27 14f .62

148.54 :
:$ 153.98 g
44 lca.74
49 300.67 50
% 120.29 55
59 108.36 34
m 115.97 71
75 109.17 76
3$ 105.65 81
91 111.17

m8.&~ 1%
lR lW.33 1G5
! 12 t10.15 113
120 W4.98 121
125 103.47 126
130 100.77 131
143 302.27 144
148 101.01 149
164 101.10 361
165 ~o.;; ;:
170 .

120.0 3EDJ!60S 1N DEG FAR2MHE:
NmE 12!w-F MC9E

2 1%5.69 3
152.73

1: 152.70 1:
144.43

2 146.39 2
141.62 38

z 748.S4
37 153.98 :
44 $10.96 45
49 1137.62 50
% 120.29 35
59 112.64 M
70 <15.97 71
73 109.$7 76
m 124.66 81
91 111.26

1@8.48 1%
lU lW.31 105
112 116.% 113
120 1!7.77 121
135 116.26 ;;;
130 1141.70
X2 403.21 144
143 426,!32 lt.9
160 1273.57 161
<65 1272.61 ;:
170 1336.39

13W-F
174.77
152.56
152.68
144.46
144.33
142.65
162.40
132.02
1C&63
135.66
111.07
IC-6,67
116.32
1C8.51
103.01
110.92
110.93
Ica.a
lW.65
;&g

107:10
702.15
100.90
101.02
!00.92
100.92

[1
TEW- F
174.77
152.56
152.63
lU.46
144.33
IL2.64
163.40
132.02
112.92
135.65
111.07
123.34
116.33
103.65
197.39
tll.33
11; .02
103.56
1G9.82
117.93
115.92
m.54
402.20
631.11

1270.05
126.9.73
1241.66

umE

4

1:

::

E
41
46
51

z
72

z

13
m6
116
m
127
132
165
150
162
167
172

MmE
6

t:

;:
29
34
41
46
51

:;
72

;

101
lW
114
122
127
132
145
150
162
167
172

TEMP-F
163.42
152.54
149.45
142.10
lU..C6
140.76
163.23
113.52
10’5.99
126.44
103.92
;;3.:

10s.39
101.35
110.25
110.82
103.07
;0$:

102:91
tc6.9s
101.99
100.87
101.02
100.23
101.07

lEMP- F
163.42
152.54
149.45
142.10
lU..C6
140.76
163.32
113.52
123.62
136.44
1G9.15
;;;:

103:70
426.13
1?0.s
111.LW
l@a.34
IC9.1O
161.32
132.77
133.71
403.03

1184.88
?234.49
1192.87
1268.22

KOE

1?

x
;:
35
62
67
52
57
62
73
78
32

1:
110
115
122
128
140
146
151
162
lta

NmE

1:

::
25
30
35
42
;:

z
72
73

2
102
110
115
m
128
lAO
146
151
162
128

T2HP-F
162.73
152.43
149.01
146.50
%%32
343.67
153.59
1G9.43
1C4.00
t33.e6
l@s.59
<01.56
114.40
103.03
100.70
1(9.51
110.52
110.64
1@8.32
IC4.a
101.78
la.za
101.77
102.30
Iol.c$
1m7.79

13?!- F
163.73
152.43
149.01
Iti.so
166.35
143.67
153.99
1G9.62
198.03
133.36
lW.96
4&5.35
114.40
110.51

1137.72
109.53
113,53 -
~10.75
108.37
117.42
202.93
f.o?..za
401.17
396.99

1272.39
1195.90

B8-67



HNF-SD-TP-SARP-OO1, Rev. 2

1u1E3NAA~3WEWLRESM 300.0 SE~S IN MC FAREMKE1l

3

1:
;;
$%
43
42
53
58
43
74
79
94

1%
111
116
124
139
141
!47
152

:$

1:

x
;;
36
43
42
53
58
63
76
i9
w

1:
111
116
124
129
161
147
152
164
169

TEw-F
173.73
152.28
152.38
147.06
165.68
145.59
152.35
133.59
114.11
820.97
131.25
128.89

!m.:;

144.47
111.73
1G9.14
112.70
112.s4
W9.28
210.34
235.69

1328.98
767.85

1396.42
1356.4S
1220.24

nme

2
.

1;
17
22

:;
37
44
49
34
59
70
3-3
au
91

lH
112
120
125
130
163
W9

;:
ml

1NTERNAA:2WE8ANRES AT 600.0
WV- F NODE

* 175.73 2
152.22 ,
152.38
147.C6
145.68
1G5.59
152.35
153.99
147.79

1023.99
!31 .86
15’2.1s

1317.22
tlt.95
231.26
115.26
113.01
121.00
123.05
121.11
X4.23

1.361.36
1?48.43
11C4.28
1347.W
1370.27
1339.17

1;
17
22

::
37
44
69
34
59
n
73
24
91

#
112
120
123
130
143
142
164
165
170

T2iV- F
173.69
152.7S
152.70
144.43
144.29
141.63
142.54
153.92
122.39

1276.N
W3.29
<43.70
116.00
IC9.26
159.44
112.23
169.62
110.54
139.57
212.17
2W.24

1220.69
1301.94
241.26

2356.34
1355.78
U23.21

!KOE
3

1:
t8
23

E
40
45
50

z
n
76
81

1:;
103
113
121
126
131
144
149
161
124
%71

SE2WOS IN DEG
T3W-F
175.69
132.73
152.70
144.43
144.29
141.64
142.54
1S3.92
194.03

1317.23
120.31
243.26
116.33
110.42
357.40
118.43
120.41
116.79
195.%
34s.21
362.58

1324.73
1249.42
1130.72
1370.33
1370.@8
1s1 .24

1:
Is

23

:
40
45
50
55
60
71
76
81

1::
105
113
121
126
131
144
149
161
364
171

12!(P-F
174.77
152.S6
152.t4
144.46
!44.23
142.64
163.40
132.02
143.%
133.66
111.17
198.97
1?6.28
110.73
392.69
1t4.57
112.29
109.81
1?2.10
207.18
!%.23
212.71

1303.02
1037.27
$353.41
1246.96
1340.16

FAREMHEIT
NC9E lEHP-F

3 176.77
152.56
152.67
144.46
144.23
v,2.t4
163.40
132.m
243..$4
135.66
112.38
351.35
116.93
126.83
621.96
128.96
112.22
116.57
122.30
352.69
357.11
370.24

1349.89
1249.50
1?-59.53
1364.44
t363.2u

um~
.4

1:

:?
7.9
34
41
46
51
56
61
72
77
82

lR
1C4
$14
122
127
132
?45
150
163
167
172

NmE
f.

1:

;

z
&l
46
51
56
61

z
22

18
W-6
174
132
127
132
1&5
150
162
167
172

73W- F
163.62
152.54
169.45
142.10
lU.05
140.76
m..zz
113.63
139.21
136.44
112.&3
:y;

112:68
821.07
111.21
113.11
111.W
111.23
263.33
255.61
223.12

1299.35
1317.71
!324.23
13!0.73
1352.82

TEW- F
162.42
152.54
149.45
142.10
lU.C4
140.76
163.22
114.90
351.34
136.45
136.26
618.34
119.27
139.02

1023.43
117.01
122.45
123.93
120.61
356.15
527.35
375.21

1349.15
1353.91
1324.52
1349.76
1364.%

NmE

1:
;:
E
35
62
47
52
57
62
72

:

1%
110
!15
tzz
128
140
146
151
162
162

WOE

1?

i:
23

%’
42
47
52
57
62
73

E

?:
110
115
123
128
140
146
151
163
la

T2w- F
163.73
152.43
149.01
146.50
146.34
143.67
153.59
113.22
393.64
133.87
113.72
820.90
1!4.46
139.99

$276.21
W9.69
126.03
112.91
110.49
211.83
423.51

1302.96
1262.03
1265.72
!356.11
1315.39

T3W-F
163.73
152.63
149.01
146.50
146.34
163.67
153.99
139.57
:::4J

146:22
1033.55
t15.05
Zoo.&o

1317.62
113.01
160.21
122.%
119.91
365.92
715.23

1349.23
1332.&9
1343.60
1370.C4
1351.92
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TNW2NAA2!5’E3A~5 AT 900.0 33CCOMSIN OEGmwm

1
TEW-F
!73.73
152.88
152.34
147.M
14s.62
145.59
152.33
153.99
219.86

1301.s
131.91
224.57

1231.07
114.02
369.5s
161.91
V.2.02
1%.76
Z&z.m
339.18
655.01

1%2.13
7227.32
1211.22
1332.37
1349.C3
1360.32

WOE
2
7

L

z
27
32
37
46
49
54
59
70
7s
24
91
96

;;
120
12s
130
143
148
164
165
170

TEw- F
175.69
152.73
1s2.70
144.43
144.29
1.31.67
148.%
153.97
232.35

133! .06
120.40
:;:

115:76
.494,68
148.33
K&m
191.26
296.66
635.27
656.18

1341.65
t227.24
1242.33
1349.68
!349.71
1354.51

sE&p~F2N

13’3.69
152.73
152.70
144.43
146.29
141.3.2
148.54
153.97
378.02

1328.19
120.3a
# .:;

137:27
602.39
250.76
222.26
333.15
400.27
m.bs
252.18

t350.34
12G3.L9
1232.62
1351.9U
1352.15
1356.80

wOE
3

1:
;
2
40
45
50

z
71

i:

1%
105
113
121
126
131
144
149
161
I&
171

12UP-F
174.77
152.56
152.67
164.46
Iu..a
142.70
163.40
f32.tO
350.56
135.2n
116.75
479.24
119.89
;74.19
;3:

193:43
w3.@4
2U.66
6$7.12
672,34
615.19

1228.65
13C8.98
1349.71
1?49.99
1353.20

DEGFAREIMIT
umE 13?19-F

3 174.77
8 152.56

152.67
:: 144.46
33 144.24
28 142.85
33 163.f.O
40 132.31
45 43.13
50 135.91
55 136.61
6.3 S76.12
71 133.57
76 224.94
81 246.42

234.97
1;; 522.35
105 329.41
113 ~::
121
126 828:05
131 739.17
w, 1247.03
169 1330.16
161 1351.69
!66 1353.15
171 1353.49

WOE
4

1?

;:

$

z
51
36
63
73

z

IR
106
114
133
137
133
145
150
162
167
172

NmE
4

1:

;!
39
34
41
46
51
56
61
32
37
23

1%
!C6
114
122
127
132
145
150
163
167
7/3

mm?-F
165.f.2
152.%
149.45
142.12
144.06
140.80
163.32
119.52
479.52
12.6.50
193.23
747.33
124.15
200.00

110S.69
146.54
198.06
215.42
247.07
466.20
745.30
614.11

1228.87
1359.93
1334.97
1357.80
1367.53

lEMJ-F
163.42
152.54
149.65
142.!5
<44.06
?60.92
163.22
1.29.51
576.58
13-5.77
233.39
829.7-5
123.33
310.92

1150.66
249.92
332.34
373.S2
421.67
580.12
904.03
727.04

1248.12
1263.42
1341.57
1361.92
1349.43

llmE

1;
;?3
23
30

:;
67
12
57
63
33
78
23

1::
1?0
115
123
128
160
146
151
163
la

llmE

1:

;;
23
30
35
62
47
52
57
63
73
73
82

1:
110
115
122
128
740
146
151
133
123

T3W-F

163.73
t52.43
f49.01
146.50
146.34
143.67
153.99
W9.23
747.37
134.25
215.2a

!101.33
117.9t
.z9T.%

1331.89
139.14
223.37
248.62
247.14
648.26
904.02

1238.67
1329.70
1226.47
1349.33
1359.93

7EW-F
163.73
152.&3
149.01
166.50
146.35
143.43
153.99
285.92
&J

313:76
1143.24
131.50
470.16

1339.53
247.33
330.71
Iz2.11
4$;

1028:10
lzu.ti
1352.80
1240.79
!351 .30
!343.65
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tf
16
21
$

26
43
m
53
58
62

z
90

lE
llt
1?6
724
129
<41
167
t52
w.
169

1wlER:~;EU9E2ANR~: Al

1 m.n
152.28
152.28
147.07
165.69
145.61
152.3S
153.39
421.48

Iln .39
132.*
472.%

1342.81
t59.78
570.18
390.n
6C2.29
436.28
S27.69
593.69
870.%

1339.11
12%.61
12e4.ol
1248.W
1354.22
1265.24

SE~2W:F1M OEG

173.69
152.75
152.70
lU.&7
144.24
142.$9
148.56
153.97
556.42

1246.14
126.S9
601.32
211.28
252.48
764.2$
311.09
527.n
579.23
587.51
921.23
932.80

;?,.:

132?:&l
1356.11
1356.79
1360.72

; FAREIIHE1T
MmE 12W-F

3 ;;J.7J

1: 152:67
18 1b4.49
23 146.28
28 1&4.Oo
33 163.40
40 133.82
4s 597.22
50 123.40
55 169.16
to 719.42
71 211.<0
76 336.50
81 964.53

f,94.t.o
1% 3.n.26
105 596.69
;;: 618.87

902.86
126 98t .89
131 262.77
144 1271.61
%49 1248.72
161 *355.79
$66 t358.6U
371 13S9.51

wOE
4

!:
;:
z?
34
41
46
51

::
z?
77
22

in
106
114
122
127
132
145
150
162
167
172

IICOE
4

1:
19
26
29
24
41
$

E
72
n
82

1::
1C6
114
122

;%
36s
350
162
167
172

7EW-F
162.J2
152.54
169.65
142.25
Iu.cm
141.28
162.22
146.05
852.22
137.62
39Q.29
~7.7J

u6:3i
1181.31
%.30
455.1!
518.57
522.83
67b.52

1009.76
2-30.6$

1262.65
1365.7t
124s.&n
1264.77
1351.82

TWP-F
163.42
152.54
149.47
;:;;

142:04
162.22
162.98
717.48
139.48
492.74
938.e6
209.21
S70.72

l;~~

%2:56
640.?9
622.85
732.23

1(!$0.%
261.15

1274.3s
3267.24
1248.91
1366.62
1353.89

NCOE

t:

;
35
30
35
42
47
52
57
3.2
Z5
72
23

1:
110
115
122
128
140
!46
!s1
M3
168

IIWE

1:

:

30
35
42
;;

57
62
73
72
22

!:$
110
115
122
128
%40
M6
!51
162
168

13W-F
163.72
152.43
149.02
146.51
146.37
143.72
153.W
382.32
238.62
137.73
423.62

1171.51
162.95
522.24

1344.61
393.59
438.27
537.37
544.51
851.12

1110.23
1260.02
1270.26
1253.50
1353.59
136b.06

T3HP-F
163.72
3s2.43
349.02
146.%
146.42
143.81
153.59
476.26
935.W.
142.39
526.76

l:w$$f

626:46
1342.f.5
522;

628:66
645.84
906.07

11.$2.C4
1270.56
12S.76
1264.36
1355.48
1367.66
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1MT2RUALT2UF’E.QA7URESAl 120.0 SECzXDS IN DEG FARENHEIT
llcOE

i
11

::
26
31
24
43
L8
53
36
63
74
m
w

1%
111
116
124
la
141
147
152
164
169

T3UP-F
17-3.73
152.s
152.35
147.69
!45.?3
145.68
132.3S
132.$9
552.73

1003.22
13s.81
595.%
737.92
232.01
689.04
559.93
5a9.71
:91.59
629.s1
716.66
2+77.25

1058.22
80s.69

11S3.76
7%.38
742.34
777.50

1:

i;

:
24
45
43
53

u
74
7?
90

1:
111
116
$24
129
141
347
152
166
169

1NT3RN~~:2WERA7UR:: AT

1 173.72
152.53
1s2.28
147.11
145.73
145.71
1S2.3S
153.99
Szz.n
828.79
137J5
621.82
611.68
234.56
71!.05
S8! .61
613.82
SW.%
6X .13
711.%
&3s.57
922.88
S77.56
976.%
566.%
502.31
565.95

IIGOE
2
7

X
ii
3~
49
%
59
70
73
m
91
96

::
120
!25
130
143
148
164
165
170

240.0
MmE

2

1;

l;

:;
37

2
56
59
n
75
84
91

In
$12
120
125
130
142
143
164
165
170

7*-F
175.69
152.75
132.70
144.49
144.26
143.46
148.s7
153.97
534.2.9
787.65
126.W
628.56
232.s9
282.48
725.34
%9.81
620.26
3c6.92
648.32
202.15
821.34
816.72
803.04

1171.31
742.27
744.35
763.84

2EC0)!DSIN
T2L!9-F
175.69
<52.73
!52.70
144.52
144.38
144.00
148.58
!53.97
611.69
611.07
127.28
54s.99
234.76
312.22
724.9U
572.62
6S6.27
614.00
614.31
6Z62
700.57
642.06
568.37
978.5a
502.30
5C4.07
Sst .82

KmE
3

1!
18
2s
28
32
40
45
50
55
3a
71
76
81

1%
105
113
121
126
131
144
149
161
166
In

TEPP-F
174.77
1S2.S6
152.67
144.50
144.30
144.43
163.40
124.11
623.L9
139.41
181.05
735.36
222.13
598.76
929.71
533.95
539.72
625.92
63?.70
789.13
8s3.47
771.15
2s2.21

1C38.64
743.33
7%.56
760.42

DEG FARENHEI1
NWE 128P-F

3 176.77
152.56

1: 152.64
144.52

2 144.33
144.93

z 162.40
60 134.22
45 642.14
50 160.61
55 193.70
64 734.69
71 253.22
76 628.49
81 877.22

561.53
1;% 5$3.82
105 436.24
113 622.23
121 673.39
126 778.99
131 532.47
144 572.73
?49 348.81
161 SC-3.97
364 528.62
;71 547.64

wOE
6

1:

;:
29
34
61
46
51
%
6t
72

z

1::
104
114
132
127
132
1L5
150
162
167
172

!4mE
4

1:

::

:
41
46
51
56
61
72
77
62

1::
1C4
114
122
127
132
Us
150
142
167
ln

TEW- F
163.42
152.54
t49.48
142.52
144.13
142.47
162.22
<79.56
~g

529:34
906.81
228.43
613.26

1018,28
532.53
529.07
670.85
646.35
747.05

1077.82
762.27
812.82
3$9.01
719.82
729.37
735.89

TEW-F
162.42
152.56
149.49
142.63
144.!6
342.98
163.22
190.74
730.4S
161.22
560.69
242.73
247.9a
646.73
846.41
575.32
597. w
682.70
636.84
720.%

1028.72
677.02
520.02
592.53
;9&9J

697:92

W$E

1:

H
R
35
42
67
52
57
62
n
73
33

1:;
110
11s
122
128
140
146
151
162
134

umE

1:
R
2!
35
42
67
52
57
62
73
78
23

1:$
110
115
123
128
140
la
151
163
168

T2W-F
163.72
152.43
149.04
146.56
146.46
143.85
153.99
510.5&
fi;.g

563:81
1W3.92
230.99
661.01
793.03
568.25
571.51
641.04
661.43
790.56

1131.80
806.90
243.26
812.02
740.58
789.12

13HP-F
163.72
352.43
149.05
146.58
146.50
143.93
153.59
340.32
240.51
148.31
595.63
829.79
252.34
683.83
619.48
590.2s
52a. 19
630.55
:&jg

~052:64
571.74
627.22
592.29
499.84
584.30
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INTERNAL 1WPE~~E5AT 424.0 SEKWS IN OEGFAMII”E1l
IICOE

1

1:

;;

;!
36
43
48
53
58
63
74
79
m

lR
111
116
126
129
141
147
152
164
169

IMTER!4ALTEHPE26NRES Al
M~E T3W- F

? 173.73
152.89
152.39
147.17
145.34
145.35
752.35
154.00
631.74
567.59
743.80
656.03
431.85
314. !4
719.59
524.37
618.43
533.30
581.35
671.C$
S52.2S
626.24
399.73
8C4.38
352.10
249.21
353.10

lloOE

?
12
17
33

:;
37

2
56
59
70
73
20
91

lU
1!2
120
133
130
143
143

;:
170

600.0
WOE

2

1:

z
27
32
37
44
49~

59
70
75
34
91

lE
?12

;E
130
143
143
164
165
170

ml,- F
173.69
152.75
1s2.70
14.59
t44.46
145.31
143.62
153.98
639.07
470.32
132.26
646.$8
2$4.24
%.02
736.~
522.73
670.87
600.00
607.32
339.05
5t4.56
455,16
333.33
tzz.ld
320.59
326.34
3a9.u

W-F
174.77
152.56
152.62
144.57
lu.f.o
146.70
163.40
136.08
634.63
143.52
330.21
704.50
292.14
6X.43
733.89
5W..2O
590.67
624.4s
591.87
551.73
6S7.81
533.71
332.2!
368.14
340.54
363.39
B6.35

SE:CO:JIM DEG;ARIHEIT
lEW- F

lE.69 3 174.V
152.73 152.56
152.7f 1: 152.63
144.64 g !44.60
1b4.50 144.65
146.03 28 146.76
142.64 23 W.LO
153.98 LO 136.92
643.28 4s 655.23
430.12 50 165.19
124.83 333.51
Us.bs z $2$7J
311.33 71
222.94 76 636:02
734.76 81 ~.fi
573.27
667.67 1:: 581:78
591.73 103 617.67
600.48 113 533.93
%5.58 121 550.00
573.30 t26 221.42
449.65 131 563.80
3W.59 144 3&03
534.22 149 437.26
354.51 161 283.83
358.C6 1.$4 333.67
345.58 171 242.94

WOE
4

1:

4:
E
41
46
51
56
61
72
n
62

1%
106
1w
132
127
132
145
150
162
167
172

1?

H
23
30
35
42
47
52
57
63
73
73

E
102
110
115
!32
128
140
146
151
163
163

52
57
62
73
78
32

1::
110
115
133
122
lAO
146
151
162
163

12W-F
163.=
152.43
149.08
146.65
1&.61
V&t!
154.00
380.73
712.71
155.43
636.89
624.71
291.70
705.11
432.32
596.67
595.55
594.50
633.91
544.22
874.90
383.42
4S2.60
435.01
320.24
412.40

T2MP-F
163.73
;52.L3
149.11
+46.70
?46.22
144.21
154.00
591.08
243.07
159.34
646.29
564.04
3CS.92
702.89
442.36
591.22
593.48
522.67
614.81
5%.11
793.76
32.2.70
410.15
400,04
255,96
324.08
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1MT3RllA&:BiPERAllW2S .47 %00. .3Ecnws w DEO FA3W6EIT

%
T3W-F
173.76
153.29
152.83
169.76
149.24
149.a4
152.81
134.34
&gg

1s:07
416.73
221.95
432.W
3$9.62
4S2. 16
474.81
452.70
441.15
434.98
431.24
205.22
262.43
178.02
244.85
133.26
1s1.48

llmE
2
7

;;
23

::
37
44
49
56
59
m

E
91

13
112
120
125
130
143
142
164
165
170

IM73RIL44;EHPE2AA; AT 3200.
Km

175.22 2
155.t4
154.81 1;
155.3a
155.23 z
156.39 27
154.79 32
156.04 37
Zeo.%
183.57 z
224.07 54
276.92 59
163.27 7n
383.16 75
237.24
376.52 ;
373.63
370.24 la
3+8.19 112
343.91 120
303.22 125
137.96 130
155.59 143
127.5.2 148
160.45 160
!12.33 165
123.C9 170

1315P-F
175.69
153.16
153.13
142.32
142.05
165.40
150.70
1%.32
410.70
223.24
221.74
4C6.24
419.16
483.53
369.23
447.65
657.30
466.20
422.42
415.87
435.01
179.01
265.S7
172.93
134.39
132.11
153.63

2Emm2 IN
lEW-F
n3.77
155.04
155.03
155.%
154.82
176.03
155.04
156.02
25&?6
163.9U
277.64
262.85
246.79
320.81
236.15
346.67
340.92
323.22
318.92
296.36
297.45
13! .W
157.22
126.89
112.90
71O.W
123.63

W2E
3

1:
4!
28
33
40
45
30
55
a
n

::

1%
105
113
121
126
131
14
149
161
?66
171

Tw- F
174.77
152.92
153.10
148.!s
148.01
$60.35
163.46
173.19
400.R

194.20
327.92
379.23
415.34
442.25
316,83.
439.49
449.14
671.69
469a
411.00
347.51
391. !2
228.C6
164.50
161.85
133.26
153.63

DEG F.UEMHEIT
NCOE TEW-F

3 174.26
754.29

1: 15S.01
18 156.02
23 1%.63
28 166.02
33 154.00
40 2C6.49
4s 256.67
50 2t9.65
55 349.59
64 245,36

357.72
;: 329.3a
81 206.02

347.38
1% 376.97
105 374.71
?13 372.62
121 228.16
126 236.64
13! 272.74
la 155.23
149 m3.55
161 117.18

112.37
;: 123.83

Km
6

1!
E
z
41
44

::
61
n

z

lti
1C6
114
122
127
!32
145
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9.0 PRESSURE AND GAS GENERATION EVALUATION

Tank waste generates hydrogen, oxygen, nitrous oxide, ammonia, and methane by

radiolytic and chemical interactions. This gas generation evaluation determines how long
Hanford waste tank samples can be sealed inside the Sample Pig Shipping Container before a
flammable gas mixture is created inside the package. This evaluation will calculate the shipping
window for a worst-case source term, which is half of the length of time to reach the lower
flammability limit (LFL) of the gas mixture generated within the Sample Pig Shipping

Container. The sample volumes investigated are as follows:

● 0.125 L in the Sample Pig or LDUA Sampler

● 0.5 L in the Steel Pig

. 0.5 L and 1.0 L volumes in the Safesend.

9.1 GAS GENERATION

9.1.1 Radiolytic Gas Generation

The Radcalc for Windows4 computer code (HNF-SD-TP-CSWD-003, Volume I
[McFadden et al. 1998]) was used to determine the hydrogen generation rate from radiolytic
interactions. Radcalc utilizes the G value method to calculate the radiolytic hydrogen gas
generation rate. G(Hz) is equal to the number of molecules of Hz generated per 100 eV of
ionizing radiation absorbed. The SARP for the LR-56 (WHC-SD-TP-SARP-009 [Smith 1996])
utilizes G(Hz) values for Hanford tank waste ofO.119 for beta and gamma radiation and
conservatively increases that value by a factor of four for alpha radiation interactions. That
G(Hz) value was determined by adding the G value for dissolved organic compound solutions
containing nitrates/nitrites to a variable dependent upon the concentration of organics within the
tanks.

The worst-case source term, decayed 4 years, from Table B2-3 was used in the Radcalc
model. Radcalc does not include the radlonuclide 126mSb. This omission has no effect on the

calculated shipping window; thk isotope makes negligible contributions to the overall radiolytic
gas generation since the concentration is several orders of magnitude less than the major
Contributors 9osr UTCS ad plutoni~. A model of the Sample Pig is contained within Radcalc,

>,,
so that was used to determine the gamma absorption fraction for the 0.125 L case. Because the
larger samples (0.5 L and 1 L) do not use the Sample Pig, the 4x4 liner configuration was
selected to approximate these packaging configurations. A source density of 1.49 g/cc and the

applicable package void volumes were also input into the model. The void volumes were
provided by Tank Waste Remediation System personnel. The Radcalc output is provided in
Section 9.5.1.

4\V~ndowsis a trademark of Mrcrmofl Corwation.
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For each sample configuration, the radiolytic hydrogen gas generation rate was calculated
at a temperature of 20 ‘C using Radcalc.

Part B, Section 8.0, evaluated the maximum temperature of the Sample Pig Shipping
Container payload and determined it to be as Klgh as 117 “C. The gas generation rates are
adjusted to account for the higher temperature.

Rate (20 ‘C) x (390 K / 293 K) = Rate(117 ‘C)

The pressure rise within the Sample Pig Shipping Container is caused by all gases
generated, not just hydrogen. Radiolytic generation produces oxygen as well as hydrogen in a
volume ratio of 1.5 02/1 H1. Nitrous oxide is also produced by radlolysis when organic
constituents are present, but at the cost of oxygen. Therefore, the total generation rate of other
gases from radiolysis is assumed to be 1.5 times that of hydrogen (Smith 1996). The total gas

generation rate from radiolysis is:

2.5 x Rate (117 ‘C).

Results are listed in Table B9-1 for each sample configuration. Note that the 0.5 L and 1 L
source terms for the Safesend have a reduced concentration of strong beta and gamma emitters
due to the lack of shielding.

Table B9-1. Gas Generation Rates (cc/h).

Sampleconfiguration

Generationtype Source ZL;:f Steel Pig
Safesend*

0.125 L
0,5 L 0.5 L IL

Radiolysis Hydrogen at 20 ‘C 0.0706 0.286 0.144 0,168

Hydrogen adjusted to maximum
payload temperature (117 “C) 0.094 0.381 0.192 0.224

Total, including other gases (117 “C) 0.235 0.95 0,48 0.56

Chemical reaction Hydrogen only 0.0337 0.135 0.135 0.27

Total, including other gases 0.0775 0.31 0.31 0.62

Total Hydrogen 0.128 0.516 0.327 0.494

All gases 0.313 1.26 0.79 1.18

*Safesend is a trademarkof the 3 M Corporation.
LDUA = Light-Duty Utility Arm.

9.1.2 Chemical Gas Generation

The chemical generation rate of hydrogen gas is dependent on the organic species,
temperature, total organic carbon (TOC), and activation energy. As dkcussed above, the
temperature of the payload is assumed to be 117 “C. As described in WHC-SD-TP-SARP-O09
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(Smith 1996), which, in turn, is based on two tank waste analyses (Henrie et al. 1986 and
Meisel et al. 1993), experiments with tank waste simuhmt have led to the following equation,
which can be used to estimate the chemical hydrogen generation rate:

VH2,C= V~2,~ x VIi~ x (TOCWI/TOCE) x exp{(-E,/R) x [(1/Tw) - (1/TE)]}

where:

Vm>c =
VH2,E =

Vliq =
E. =
R=
TW =

TE =

TOCW =
TOCE =

Hydrogen chemical generation rate (L/day)
Hydrogen generation rate in experimental solution at 60 “C (3.3 x 104
L/day/L solution)
Waste volume (O.125 L, 0.5 L, or 1.0 L, depending on configuration)
Activation energy (40,900 J/mol) (Meisel et al. 1993)
Universal gas constant (8.3 14 J/mol K)
Waste temperature (390 K)
Temperature of experimental solution (333 K)
TOC in the waste (see below)
TOC in the experimental solution (23 g/L)

As shown above, before the chemical gas generation rate of hydrogen can be determined,
the TOC within the worst-case sludge must be determined. WHC-SD-TP-SARP-009
(Smith 1996) utilized a worst-case TOC value of 52 g/L, which is based on tank waste
characterization results. That value is inserted into the above equation. Solving the above
chemical hydrogen generation rate equation results in the following:

V,*,C = 0.00033 mL gas/day/mL x 125 mL x (52 g/L/23 g/L)
xexp{(-40,900J/mol/8.314 J/mol K)
x [(1/390 K) - (1/333 K)]}

VHz,c = 0.81 mL/day / 24 h/day = 0.0337 mL/h.

For a 0.125 L sample, the chemical gas generation rate is 0.0337 mL/h of hydrogen.
Characterization studies have determined that hydrogen consists of 43.5 percent of the total gases
produced by chemical reactions (Smith 1996). Therefore, the total chemical gas production rate
for a 0.125 L sample will be:

0.0337 Cch / 0.435 = 0.0775 Cch

The chemical gas production rates for the 0.5 L and the 1 L samples are scaled by volume
without regard to radioisotopic content. The extrapolation is bounding for the Safesend
configurations.
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9.1.3 Total Gas Generation

The total gas generation rate from the worst-case sludge samples will be the sum of the
radlolytic and chemical gas generation rates, which are shown in Table B9-1.

9.1.4 Shipping Whdow

The time required for the gas mixture within the Sample Pig Shipping Container to reach
the LFL is calculated based on the hydrogen gas generation rate. Hydrogen gas in combination
with other gases generated from tank waste reaches the mixture LFL when hydrogen totals
2.5 percent by volume (Smith 1996). Accordingly, the time to reach the LFL of the mixture can

be derived by the following:

t = 0.025 x (VV / Generation RateHz,toJ

where t is the time to 2.5-percent hydrogen and VV is the void volume. The shipping window is
conservatively set to half this time.

Table B9-2. Shipping Windows

Sample Configuration
0.125 L 0.125L 0.5 L 0.5 L IL

Sample Pig LDUA Steel Pig Safesend* Safesend$

Void volume (cc) 4972 7409 3709 1903 1400

Totrd hydrogen generation rate (cc/h) 0.128 0.128 0.516 0.327 0.494

Shipping window (hours[days]) 485 (20.2) 723 (30.1) 89 (3.7) 72 (3) 35 (1.46)

*Safesend is a trademarkof the 3 M Corporation
LDUA = Light-Duty Utility Arm

9.2 PACKAGE PRESSURE

Part B, Section 7.0, demonstrates the Sample Pig Shipping Container is capable of
withstanding an internal pressure 78.4 psi greater than the external pressure. The Sample Pig
Shipping Container is loaded at ambient temperature and pressure. If the minimum ambient air
temperature is O “C when the container is loaded, the container will pressurize from heating up to
the worst-case temperature of117 “C. The calculations that follow use the subscript i to
represent initial condhions and the subscript f for final conditions. The final pressure due to
container warming will be:

Pf = Pi x (Tr/ Ti) = 14.7 psia x (390 K / 273 K) = 21 psia = 6.3 psig.

Therefore, gas generation can contribute 72.1 psig (78.4 psig -6.3 psig) to the
pressurization of the container within the shipping window determined above without resulting
in exceeding the pressure limits. In fact, the pressure increase due to all gas generation will not
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exceed 3 percent during the shipping window, which yields a maximum possible pressure well
below the 72.1 psig limit.

To calculate the potential pressure, the relative quantities of gas present at the time of
closing the container at ambient pressure and the end of the shipping window were determined:

0/0increase in container pressnrc ={ ([(gas generation rate x shipping window) +
void volume] /void vohrme)-1 }*10OO/O.

Table B9-3 shows the results.

Table B9-3. Percent of Package Pressure Increase.

Sample Void volume Rate
Shipping

0/0increase
configuration (cc) (cc/h)

window
(hours)

in pressure

0.125 L LDUA 7409 0.3125 673 2.839

0.125 L Sample Pig 4972 0.3125 485 3.0483

0.5 L Steel Pig 3709 1.261 89 3.025

0.5 L Safesend* 1903 0.79 72 2.989

1.0 L Safesend* 1400 1.18 35 2.95

*Safesendisatrademarkof the3 M Corporation.
LDUA=Light-DutyUtilityArm

9.3 CONCLUSIONS

The shipping window is the maximum time that the Sample Pig Shipping Container can
remain sealed and ensure that flammable concentrations of hydrogen do not accumulate. The
shipping windows are 20 days, 30 days, 89 hours, 72 hours, and 35 hours for the 0.125 L
Sample Pig, 0.125 L LDUA Sampler, 0.5 L Steel Pig, 0.5 L Safesend, and 1.0 L Safesend
configurations, respectively. These shipping windows assume that if the samples are bagged, the
bags are closed using a twist-and-tape (horsetail) method.

The potential pressurization of the Sample Pig Shipping Container due to gas generation
is trivial (on the order of 3 percent) and does not approach design limits of the container.
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9.5 APPENDICES: RADCALC OUTPUT FILES

9.5.1 0.125 L Case in Sample Pig

Radcalc for Windows 2.01 Date: 07-22-9809:10

Performed By:

Checked By:

File:PIG125A.RAD
========== InputInformation====== =============================

Source from input

Radionuclide:

H-3

C-14

CO-60

Ni-59

Ni-63

se-79

ir-90
Y-90
Zr-93
Nb-93m
Tc-99
RU-106
Rh-106
Cd-1 13m
Sn-126
Sb-125
Sb-126
Te-125m
1-129
CS-134
CS-137
Ba-137m
Pm-147
Sm-151
Eu- 152
Eu-154
Eu-155
Th-23 I
Th-234
Pa-23 1
Pa-233
Pa-234m
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239

Curies:
4,46E-003
2.98E-006
9.69E-O04
1.47E-005
I .44E-003
1.39E-005
8.82E+oo0
8.82E+oo0
6,43E-005
5.06E.005
4.05 E-002
1.90E-003
1.90E-003
3.80E-004
2. 18E-005
1.28E-002
3.05E-006
3.12E-003
2.16E-005
4.09E-003
3.llE-001
2,94E-OOl
4.24E-005
5.04E-002
4.39E-005
2.72E-002
1.41E-002
3.35 E-008
5.83E-007
1.13E-008
3.35E-003
5.83E-007
6.16E-008
8.57E-007
3.35E-008
7.00E-008
2.54E-007
5.83E-007
3.35E-003
1.68E-006

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)
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Pu-238 6.12E-004
Pu-239 5.30E-003
Pu-240 1.40E-003
Pu-241 1.06E-002
Pu-242 1.29E-008
Am-24 1 3,71E-002
Am-243 1,68E-006
Cm-242 8.50E-009
Cm-243 6.1 lE-007
Cm-244 1.77E-004

Total Activity: 1.85E+o0 1
Total Activity Minus Daughters: 9,35E+OO0

Waste Form: Normal
Physical Form: Liquid
Container Type: Sample Pig

Package Void Volume: 4.97E+O03CC
Waste Volume: 125. CC
Waste Mass: 186. g
Waste Void Volume: 0.000 cc

Days to decay source before seal time: 0.00 days
Calculate number of days sealed until 2.50% hydrogen is reached

Entered G Values
G Alpha G Beta G Gamma
0.476 0.119 0.119

Comments:
125 ml sample
Source term from Table B2-3

==========Calculated Results ==================================

HYDROGEN:
The sealed package will contain 2.50 % hydrogen in 75.25 days
H2 Volume 127. cc
H2 Generation Rate: 0.0706 CCihOUr

DECAY HEAT AND PRESSUF@
Heat Generated at seal time 0.0626 Watts
Partial Pressure (H2): 2.60 kPa
Total Pressure (H2 and Air): 104. kPa

TRANSPORTATION :
Note Transpoflation clmsifications assume three significant figures.

Calculations are made at user-specified decay time.

Radioactive Yes (0.00E+OOOnCi/g)
Effective A2 for Mixtur& 0.768 Ci
Type Determination: B (from unity fraction 12,180)
Limited Quantity: No

LSA-I Determination: No (from LSA-I unity fraction 65397,)
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LSA-11Determination: No (from LSA-11 unity fraction6539.7)
LSA-111Determination: Not Applicable

HRC QuantityDetermination: No

FissileQuantity 0.101g
FissileExcepted: Yes

15gtissile radionuclidesor less per49CFR173,453(a)

TRu Waste: Yes (TransuranicWaste per HanfordShe WAC)

ReportableQuantity: Yes (from RQ unity fraction 93.362)

Source at stati of seal time:
Kaalonucuae
H-3
C-14
CO-60
Ni-59
Ni-63
Se-79
Sr-90
Y-90
Zr-93
Nb-93m
Tc-99
Ru- 106
Rh- 106
Cd-l13m
Sn-126
Sb-125
Sb-126
Te-125m
1-129
CS-134
CS-137
Ba- 137m
Pm-147
Sm-151
Eu- 152

Eu-154
Eu-155
Th-231
Th-234
Pa-23 1
Pa-233
Pa-234m
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239
Pu-238

umes:

4,46E-003
2,98E-006
9.69E-004
1.47E-005
1.44E-003
1.39E-005
8.82E+OO0

8.82E+OO0
6.43E-005
5.06E-005
4.05E-002
1.90E-003
1.90E-003
3,80E-004
2.18E-005
1.28E-002
3.05E-006
3.12E-003
2,16E-005
4.09E-003
3.1IE-001
2.94E-001
4.24E-005
5.04E-002
4,39E-005
2.72E-002
1.41E-002
3.35E-008
5.83E-007
1.13E-008
3.35E-003
5.83E-007
6.16E-008
8.57E-007
3.35E-008
7.00E-008
2.54E-007
5.83E-007
3.35E-003
1.68E-006
6.12E-004

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)
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Pu-239 5.30E-003

Pu-240 1.40E-003

Pu-241 1.06E-002

Pu-242 1,29E-008

Am-24 1 3.71E-002
Am-243 1.68E-006
Cm-242 8.50E-009
Cm-243 6.1 lE-007
Cm-244 1.77E-004

Total Activity: 1,85E+O01
Total Activity Minus Daughters 9.35E+oo0

Shipping Papers and Labels:

Number Fraction Cumulative
of of Total Total

ISOTOPE A2s A2s A2s
. . . . . . . . . . . . . . . ..- . . . . . . . . . .

* Am-241 6.86E+OO0 5.63E-001 0.563015
* Sr-90 3.27E+OO02,68E-001 0.831209
* Pu-239 9.80E-001 8.04E-002 0.911639
* NP-237 6. 19E-001 5.08E-002 0.962478

Pu-240 2.59E-001 2. 12E-002 0.983723
Pu-238 1.13E-001 9.29E-003 0.993011
Pu-241 3 .93E-002 3,22E-003 0.996234
Cs- 137 2,30E-002 1.89E-003 0.998125
Cm-244 1.64E-002 1.35E-003 0.999471
Eu-154 2.OIE-003 1.65E-004 0.999636
Tc-99 1.67E-003 1.37E-004 0.999773
Sb-125 5,27E-004 4.32E-O05 0.999816
Sm-151 4.67E-004 3.83E-005 0.999855
Ru-106 3.5 lE-004 2.88E-005 0.999884
Am-243 3.1 lE-004 2.55E-005 0.999909
CS-134 3.03E-004 2.49E-005 0.999934
Eu-155 2.61 E-004 2. 14E-005 0,999955
Cd-1 13m 1.56E-004 1.28E-005 0.999968
Pa-233 1.38E-004 1.13E-O05 0.999979
CO-60 8.97E-005 7.37E-006 0.999987
Cm-243 7.53E-005 6.19E-006 0.999993
U-234 3. 17E-005 2.61 E-006 0.999996
Te-125m 1.28E-005 1.05E-006 0.999997
Zr-93 1.19E-005 9.76E-007 0.999998
Pa-23 I 6.98E-006 5.73E-007 0.999998
H-3 4, 13E-006 3.39E-007 0.999999
Sn- 126 2.69E-006 2.21 E-007 0.999999
U-236 2.59E-006 2.13E-007 0.999999
Pu-242 2.38 E-006 1.96E-007 0.999999
U-233 2.28E-006 1.87E-007 1.00000
Eu-152 1.81E-006 1.48E-007 1.00000
Ni-63 1.78E-006 1.46E-007 1.00000
Pm-147 1.74E-006 1.43E-007 1.00000
Nb-93m 3.12E-007 2.56E-008 1.00000
Sb- 126 2.82E-007 2.32E-008 1.00000
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Se-79 2.57E-007 2.1lE-008 1.00000
Th-234 1,08E-007 8.85E-009 1.00000
C-14 5,51E-008 4.52E-009 1,00000
Cm-242 3. 15E-008 2.58E-009 1,00000
Ni-59 1,36E-008 1,12E-009 1.00000
Th-231 0.00E+OOO0.00E+OOO 1.00000
1-129 0.00E+OOO0,00E+OOO 1.00000
Pa-234m 0.00E+OOO0,00E+OOO 1.00000
U-238 0,00E+OOO0.00E+OOO 1.00000
U-237 0,00E+OOO0,00E+OOO 1,00000
Ba-137m 0.00E+OOO0.00E+OOO 1.00000
U-235 0,00E+OOO0,00E+OOO 1,00000
NP-239 0.00E+OOO0.00E+OOO 1,00000
Y-90 0.00E+OOO0,00E+OOO 1.00000
Rh-106 0.00E+OOO0.00 E+OOO 1,00000

* Contains 95% of the total A2s and must be included per 49 CFR 173.433,

9.5.2 0.5 L Case in Safesend

Radcalc for Whdows 2,01 Date 07-19-9811:55

Performed By:

Checked By;
File: PIG500.RAD
==========Input Information ===================================

Source from input
Radionuclide
H-3
C-14
CO-60
Ni-59
Ni-63
Se-79
Sr-90
Y-90
Zr-93
Nb-93m
Tc-99
Ru- 106
Rh-106
Cd- 1I 3m
Sn-126
Sb-125
Sb-126
Te-125m
1-129
CS-134
CS-137
Ba- 137m
Pm-147
Sm-151

Curies:

1.78 E-002

1,16E-005

1.74E-003

5.88E-005

5,76E-003

5.56E-005

1.59E+o0 1

1.59E+o01

2.57E-004

2.02E-004

1.62E-001

3.41 E-003

3.4 I E-003

1.52E-003

8.72E-005

2.30E-002

1.22E-005

1.25E-002

8.64E-005

7.31 E-003

5.56E-001

5.26E-001

1.70E-004

2.02E-001

(Daughter)

(Daughter)

(Daughter)
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Eu-152 1.76E-004
Eu-154 4.87E-002
Eu-155 5.64E-002
Th-231 1.34E-007 (Daughter)
Th-234 2.33 E-006
Pa-23 1 4,52E-008
Pa-233 1.34E-002
Pa-234m 2.33E-006 (Daughter)
U-233 2.46E-007
U-234 3.43E-006
U-235 1.34E-007
U-236 2.80E-007
U-237 1.02E-006 (Daughter)
U-238 2.33E-006
NP-237 1.34E-002
NP-239 6.72E-006 (Daughter)
Pu-238 2.45 E-003
Pu-239 2,12E-002
Pu-240 5.60E-003
Pu-241 4,24E-002
Pu-242 5.16E-008
Am-24 1 1.48E-00 1
Am-243 6.72E-006
Cm-242 3.40E-008
Cm-243 2.44E-006
Cm-244 7.08E-004

Total Activity 3.37E+O01
Total Activity Minus Daughters: 1.72E+OOI

Waste Form: Normal
Physical Form: Liquid
Container Type 4 x 4 Liner

Package Void Volume: 1.90E+O03w
Waste Volume: 500. cc
Waste Mass: 745. g
Waste Void Volume 0.000 cc

Days to decay source before seal time 0.00 days
Calculate number of days sealed until 2.50% hydrogen is reached.

Entered G Values:

G Alpha G Beta G Gamma

0.476 0.119 0.119

Comments:

500 ml sample

Source term from Table B2-3

========== Calculated Results ===================================

HYDROGEN:
The sealed package will contain 2.50 V. hydrogen in 14.16 days.
H2 Volume 48.8 CC
H2 Generation Rate: 0.144 Ccihour
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DECAY HEAT AND PRESSURE:
Heat Generated at seal time: 0.116 Watts
Partial Pressure (H2): 2.60 kPa
Total Pressure (H2 and Air): 104, kPa

TRANSPORTATION :
Note: Transpotiation classifications assumothree significant figures,

Calculations are made at user-specified decay time.

Radioactive: Yes (0.00E+OOOnCi/g)
Effective A2 for Mixture: 0.416 Ci
Type Determination: B (from unity fraction 41.411)
Limited Quantity: No

LSA-I Determination: No (from LSA-I unity fraction 55586.)
LSA-D Determination: No (from LSA-11 unity fraction 5558.6)
LSA-III Determination: Not Applicable

HRCQuantity Determination: No

Fissile Quantity 0.403 g
Fissile Excepted Yes

15g fissile radionuclides or less per 49CFR173.453(a)

TRU Waste: Yes (Transuranic Waste per Hanford Site WAC)

Reportable Quantity: Yes (from RQunity fractinn 178,90)

Snurce at stati of seal time

Radionuclide: Curies:
H-3 1.78E-002
C-14
CO.60
Ni-59
Ni-63
se-79
Sr-90
Y-90
Zr-93
Nb-93m
Tc-99
RU-106
Rb-106
Cd-1 13m
Sn-126
Sb-125
Sb- 126
Te-125m
I- 129
CS-134
CS-137
Ba- 137m
Pm-147
Sm-151
Eu- 152

1.16E-005
1.74E-003
5.88E-005
5.76E-003
5.56E-005
1.59E+O0 1
1.59E+O0 1 (Daughter)
2.57E-004
2.02E-004
1,62E-001
3.41E-003
3.41E-003 (Daughter)
1.52E-003
8.72E-005
2.30E-002
1,22E-005
1.25E-002
8.64E-005
7.31E-003
5.56E-001
5.26E-001 (Daughter)
1,70E-004
2.02E-00I
1.76E-004
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Eu-154
Eu-155
Th-231
Th-234
Pa-23 1
Pa-233
Pa-234m
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239
Pu-238
PU-239
Pu-240
Pu-241
Pu-242
Am-24 1
Am-243
Cm-242
Cm-243
Cm-244

4.87E-002
5.64E-002
1.34E-007 (Daughter)
2.33 E-006
4.52E-008
1.34E-002
2.33E-006 (Daughter)
2.46E-007
3.43E-006
1.34E-007
2.80E-007
1.02E-006 (Daughter)
2.33E-006
1.34E-002
6.72E-006 (Daughter)
2.45E-003
2,12E-002
5.60E-003
4,24E-002
5,16E-008
1,48E-001
6.72E-006
3.40E-008
2.44E-006
7.08E-004

TotalActivity: 3.37E+o01
Total Activity Minus Daughters: 1.72E+o0I

Shipping Papers and Labelx

Number Fraction Cumulative
of of Total Total

lSOTOPE A2s A2s A2s
. . . . . . . . . . . . . ..- . . . . . ..-. . . . . . . . . . .

* Am-241 2.74E+O01 6.61E-001 0.660608
* Sr-90 5.89E+OO0 1.42E-001 0.802812
* Pu-239 3.92E+OO0 9.46E-002 0.897440
* NP-237 2.48 E+OO0 5.98E-002 0.957251

Pu-240 1.04E+OO02.50E-002 0.982247
Pu-238 4.53E-001 1.09E-002 0.993183
Pu-241 I.57E-001 3.79E-O03 0.996975
Cm-244 6.56E-002 1.58E-003 0.998558
cs- 137 4. 12E-002 9,95 E-004 0.999553
Tc-99 6.67E-O03 1.61E-004 0.999714
Eu- 154 3.61E-003 8.71E-00.5 0.999801
Sm-151 1.87E-003 4.52E-005 0,999846
Am-243 1.24E-003 3.00E-005 0.999876
Eu- 155 1.04E-003 2.52E-005 0,999901
Sb-125 9.47E-O04 2.29E-005 0.999924
Ru- 106 6.30E-O04 1.52E-005 0.999939
Cd-1 13m 6.26 E-004 1.51E-005 0.999954
Pa-233 5.51E-004 1.33E-005 0.999968
CS-134 5.41E-004 1.31E-005 0.999981
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Cm-243 3.OIE-004 7.27E-006 0.999988
CO-60 1.61E-004 3,89E-OO6 0.999992
U-234 1.27E-004 3,07E-006 0.999995
Te-125m 5.14E-005 1,24E-006 0.999996
Zr-93 4.75E-005 1.15E-006 0.999997
Pa-231 2.79E-005 6.74E-007 0.999998

H-3 1.65E-005 3.98E-007 0,999998
Sn-126 1,08E-005 2.60E-O07 0.999999
U-236 1.04E-005 2.50E-007 0.999999
Pu-242 9.54E-006 2.30E-007 0.999999
U-233 9,1 lE-006 2.20E-007 0.999999
Eu-152 7,24E-006 1.75E-007 0.999999
Ni-63 7. 1OE-OO61.72E-007 1.00000
Pm-147 7.00E-006 1.69E-007 1.00000
Nb-93m 1.25E-006 3.OIE-008 1,00000
Sb-126 1,13E-006 2,73 E-008 1.00000
Se-79 1.03E-006 2,48E-008 1.00000
Th-234 4.3 lE-007 1.04E-008 1.00000
C-14 2.14E-007 5.18E-009 1.00000
Cm-242 1.26E-007 3.04E-009 1,00000
Ni-59 5.44E-008 1.3lE-009 1.00000
Th-231 0.00E+OOO0.00E+OOO 1.00000
U-235 0.00E+OOO0.00E+OOO 1.00000
Pa-234m 0.00E+OOO0,00E+OOO 1.00000
U-238 0,00E+OOO0.00 E+OOO 1.00000
U-237 0.00E+OOO0.00E+OOO 1.00000
Ba- 137m 0.00E+OOO0.00E+OOO 1.00000
Rh-106 0.00E+OOO0.00E+OOO 1.00000
NP-239 0,00E+OOO0,00E+OOO 1.00000
I- 129 0.00E+OOO0.00E+OOO 1.00000
Y.90 0,00E+OOO0,00E+OOO 1.00000

* Contains 95% of the total A2s and must be included per 49 CFR 173.433,

9.5.3 1.0 L Case in Safesend

Radcalc for Windows 2.01 Date 07-19-9811:54

Performed By:

Checked By:
File: PIG1000.RAD

========= Input Information =========== ======= ..=.=...== . . . . .

Source from inpuk
Radionuclide:
H-3
C-14
CO-60
Ni-59
Ni-63
Se-79
Sr-90
Y-90

Curies:

3.57E-002

2.31 E-005
1.71E-003
1.18E-004
1.15E-002
1.11E-004
1.56E+O0 1
1.56E+O0 I (Daughter)

B9-15



HNF-SD-TP-SARP-OO1, Rev. 2

Zr-93

Nb-93m
Tc-99
RU-106
Rb-106
Cd-1 13m
Sn-126
Sb-125
Sb-126
Te-125m
1-129
CS-134
CS-137
Ba- I37m
Pm-147
Sm-151
Eu- 152
Eu- 154
Eu-155
Th-231
Th-234
Pa-23 1
Pa-233
Pa-234m
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-242
Cm-243
Cm-244

Total Activitv:

5.14E-004
4.05 E-004
3.24E-001
3.38E-003
3.38E-003
3.04E-003
1.74E-004
2.27E-002
2.44E-005
2.50E-002
1.73E-004
7.28E-003
5.53E-001
5.23E-001
3.39E-004
4.03 E-001
3,5 IE-004
4.84E-002
1.13E-001
2.68E-007
4,66E-006
9.04E-008
2.68E-002
4.66E-006
4.93 E-007
6.86E-O06
2.68E-007
5.60E-007
2.03E-006
4.66E-O06
2,68 E-002
1.34E-005
4.90E-003
4,24E-002
1.12E-002
8.48E-002
1.03E-O07
2.97E-001
1.34E-005
6.80E-008
4.89E-006
1.42E-O03

3.38E+O01
Total Activi~ Minus Daughters:

Waste Form: Normal
Physical Form: Liquid
Container Type 4 x 4 Liner

Package Void Volume: 1.40E+O03CC

Waste Volume 1.00E+O03CC

Waste Mass: 1,49E+o03 g
Waste Void Volume: 0.000cc

Days to decay source before seal time:

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

1.76E+o0 I

0.00 days
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Calculate number of days sealed until 2.50% hydrogen is reached

Entered G Values:
G Alpha G Beta G Gamma
0.476 0.119 0.119

Comments:

1000 ml sample

Source term from Table B2-3

========== Calculated Results ‘=================================

HYDROGEN:
The sealed package will contain 2.50 % hydrogen in 8.88 days.
H2 Volume 35.9 cc
H2 Generation Rate: 0.168 ccihour

DECAY HEAT AND PRESSURE
Heat Generated at seal time: 0.121 Watts
Partial Pressure (H2): 2,60 kPa
Total Pressure (H2 and Air): 104. kPa

TRANSPORTATION:
Note: Transponation classifications assume three significant figures.

Calculations are made at user-specified decay time.

Radioactive Yes (0.00E+OOOnCi/g)
Effective A2 for Mixture 0.229 Ci
Type Determination: B (from unity fraction 76.961)
Limited Quantity: No

LSA-I Determination: No (from LSA-1 unity fraction 51652.)
LSA-11 Determination: No (from LSA-11 unity fraction 5165.2)
LSA-III Determination: Not Applicable

HRCQuantity Determination: No

Fissile Quantity: 0.807 g

Fissile Excepted: Yes
15g tissile radionuclides or less per 49CFR1 73.453(a)

TRU Waste Yes (Transuranic Waste per Hanford Site WAC)

Reportable Quantity: Yes (from RQunity fraction 195.32)

Source at start of seal time
Radionuclide: Curies:
H-3 3,57E-002
C-14 2.3 IE-005
CO-60 1.7lE-003
Ni-59 1.18E-O04
Ni-63 1.15E-002
Se-79 1.11E-004
Sr-90 1.56E+o01
Y-90 1.56E+O01 (Daughter)
Zr-93 5. 14E-O04
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Nb-93m
TC-99
Itu- 106
Rh-106
Cd-1 13m
Sn-126
Sb-125
Sb-126
Te-125m
1-129
CS-134
CS-137
Ba-137m
Pm-147
Sm-151
13u- 152

Eu-154
Eu-155
Th-231
Th-234
Pa-23 1
Pa-233
Pa-234m
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239
Pu-238
Pu-239
Pu-240
Pu-241
Pu.242
Am-24 1
Am-243
Cm-242
Cm-243
Cm-244

Total Activity

4.05 E-004
3.24E-001
3.38E-003
3.38E-003
3.04E-003
1.74E-004
2.27E-002
2.44E-005
2.50E-002
1,73E-004
7.28 E-003
5.53E-001
5,23E-001
3,39E-004
4.03E-001
3.5 IE-004
4,84E-002
1.13E-001
2.68E-007
4.66E-006
9.04E-008
2.68E-002
4,66E-006
4,93 E-007
6.86E-O06
2.68E-007
5.60E-007
2.03 E-006
4.66E-006
2.68E-002
1,34E-005
4.90E-003
4.24E-002
1,12E-002
8.48E-002
1.03E-007
2,97E-001
1.34E-005
6.80E-008
4.89E-006
1.42E-003

3.38E+o01
Total Activi~ Minus Daughters

Shipping Papers and Labels

Number Fraction Cumulative
of of Total Total

ISOTOPE A2s A2s A2s
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

1,76E+O0 1

* Am-241 5.49E+OOI 7.13E-001 0.713328
* Pu-239 7.84 E+OO0 1.02E-001 0.815164
* Sr-90 5.78E+OO07.51 E-002 0.890238
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* NP-237 4.95 E+OO06.44E-002 0.9S4606
Pu-240 2.07E+OO0 2,69E-002 0.981505
Pu-238 9.06E-001 1.18E-002 0.993274
Pu-241 3. 14E-001 4.08E-003 0.997355
Cm-244 1.31E-001 1.71E-003 0.999064
Cs- 137 4. IOE-002 5.32E-004 0.999596
Tc-99 1.33E-002 1.73E-004 0.999769
Sm-151 3.73E-O03 4.85 E-005 0.999818
Eu- 154 3.59 E-003 4.66E-005 0.999864
Am-243 2.48E-003 3,22E-005 0.999896
Eu-155 2.09E-003 2.71 E.005 0.999923
Cd- 113m 1.25E-003 1.63E-005 0.999940
Pa-233 1.1OE-OO31.43E-005 0.999954
Sb-125 9.34E-004 1.21E-005 0,999966
Ru- 106 6.25E-004 8. 12E-006 0.999974
Cm-243 6.03E-004 7.83E-006 0.999982
Cs-134 5.39E-004 7,01E-006 0.999989
U-234 2.54E-004 3.30E-006 0.999992
CO-60 1.58E-004 2.06E-006 0.999995
Te- 125m 1.03E-004 1.34E-006 0.999996
Zr-93 9.50E-005 1.23E-006 0.999997
Pa-231 5.58E-005 7.25E-007 0.999998
H-3 3.3 lE-005 4,30E-007 0.999998
Sn-126 2.15 E-005 2.79E-007 0.999999
U-236 2.07E-005 2.69E-007 0.999999
Pu-242 1.90E-005 2.47E-007 0.999999
U-233 1.83E-005 2.37E-007 0.999999
Eu-152 1.44E-005 1.88E-007 0.999999
Ni-63 1.42E-005 1.84E-007 1.00000
Pm-147 1.40E-005 1.8lE-007 1,00000
Nb-93m 2.50E-006 3.25E-008 1.00000
Sb-126 2.26E-006 2.94E-008 1.00000
Se-79 2.05E-006 2.67E-008 1.00000
Tb-234 8.61E-007 1.12E-008 1.00000
C-14 4.27E-007 5.55E-009 1,00000
Cm-242 2.52E-007 3.27E-O09 1.00000
Ni-59 1.09E-007 1.42E-O09 1.00000
Th-231 0.00E+OOO0.00E+OOO 1.00000
U-238 0.00E+OOO0.00E+OOO 1.00000
Pa-234m 0.00E+OOO0.00E+OOO 1.00000
Ba- 137m 0.00E+OOO0.00E+OOO 1.00000
U-237 0.00E+OOO0.00E+OOO 1.00000
U-235 0.00E+OOO0.00E+OOO 1.00000
Rh-106 0,00E+OOO0.00E+OOO 1.00000
NP-239 0.00E+OOO0.00E+OOO 1.00000
I- 129 0.00E+OOO0,00E+OOO 1.00000
Y-90 0.00E+OOO0.00E+OOO 1.00000

* Contains 95% of the total A2s and must be included per 49 CFR 173.433,
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9.5.4 0.5 L Case in Steel Pig

Radcalc for Windows 2.01 Date: 10-10-9812:04

Performed By:

Checked By: J. E. Mercado
File: PIG500SPRAD
==========Input Information ‘==================================

Source from input

Radionuclide

H-3

C-14
CO-60
Ni-59
Ni-63
Se-79
Sr-90
Y-90
Zr-93
Nb-93m
Tc-99
Ru- 106
Rh- 106
Cd-1 13m
Sb-125
Te-125m
Sn-126
Sb-126
1-129
CS-134
CS-137
Ba-137m
Pm-147
Sm-151
Eu-152
Eu-154
Eu-155
Pa-23 1
Th-231
Pa-233
Pa-234m
Th-234
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239
Pu-238
Pu-239
Pu-240

Curies:
1.78E-002
1.16E-005
3.88E-003
5.88E-005
5.76E-003
5.56E-005
3.53E+O01
3.53E+O01
2.57E-004
2.02E-O04
1.62E-00 1
7.60E-003
7.60E-003
1.52E-003
5.12E-002
1,25E-002
8.72E-005
1.22E-005
8.64E-005
1.64E-O02
1.24E+OO0
1.18E+OO0
1.70E-004
2.02E-001
1.76E-004
1.09E-00 1
5.64E-002
4.52E-008
1.34E-007
1,34E-002
2.33 E-006
2.33 E-006
2.46 E-007
3.43E-006
1.34E-007
2.80E-007
1.02E-006
2.33E-006
1.34E-002
6,72E-006
2.45 E-003
2.12E-002
5.60E-003

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)
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Pu-24 I 4.24E-002
Pu-242 5.16E-008
Am-24 I 1.48E-001
Am-243 6.72E-O06
Cm-242 3,40E-008
Cm-243 2.44E-006
Cm-244 7.08E-004

Total Activity :7.39E+OOl
Total Activity Minus Daughterx 3.74E+O01

Waste Form: Normal
Physical Form: Liquid
Container Type: 4x4 Liner

Package Void Volume: 3.71E+O03CC
Waste Volume 500. cc
WasteMass: 745. g
WasteVoid Volume: 0,000 cc

Date to begin source decay: 11:00 Oct. 10, 1998
Date container sealed 11:00 Oct. 10, 1998
Days to decay source before seal time: 0.00 days
Calculate number of days sealed until ‘lsl)~o hydrogen is reached

Entered G Valuex

G Alpha GBeta GGamma
0.476 0.119 0.119

Comments:
500 mL tank sample in PAS- 1 Pig packed in Sample Pig Carrier

HYDROGEN:
The sealed package will contain 2.50 % hydrogen in 13.85 days.
Thiscorresponds todate: 7:OOOct.24,1998
H2 Volume: 95.1 cc
H2 Generation Rate 0.286 CCihOUr

DECAY HEAT AND PRESSURE
Heat Generated at seal time: 0.250 Watts
Partial Pressure (H2): 2.60 kPa
Total Pressure (H2 and Air) 104. kPa

TRANSPORTATI ON:
Note: Transpofiation classifications assume three significant figures

Calculations are made at user-specified decay time.

Radioactive: Yes (0,00E+OOOnCi/g)
Effective A2 for Mixture: 0.769 Ci
Type Determination: B (from unity fraction 48.655)
Limited Quantity No

LSA-I Determination: No (from LSA-I .nityfmction 65308.)
LSA-11 Determination: No (from LSA-11 unity fracticm 6530.8)
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LSA-111Determination: Not Applicable

HRC QuantityDetermination: No

FissileQuantity: 0.403g
FissileExcepted Yes

15gfissile radionuclidesor less per 49CFR173.453(a)

TRU Waste: Yes (Transuraaic Waste per Hanford Site WAC)

Reportable Quantity Yes (from RQunity fraction 373.61)

Source at start of seal time

Kaalonucllae:
H-3
C-14
CO-60
Ni-59
Ni-63
Se-79
Sr-90
Y-90
Zr-93
Nb-93m
Tc-99
Ru- 106
Rh- 106
Cd-l13m
Sb-125
Te-125m
Sn-126
Sb-126
1-129
CS-134
CS-137
Ba- 137m
Pm-147
Sm-151
Eu- 152
Eu-154
Eu-155
Pa-23 I
Th-231
Pa-233
Pa-234m
Th-234
U-233
U-234
U-235
U-236
U-237
U-238
NP-237
NP-239
Pu-238
Pu-239

umes:
1.78E-002
1,16E-005
3.88E-003
5.88E-005
5.76E-003
5.56E-005
3.53E+O01
3.53E+O01
2.57E-004
2.02E-004
1.62E-00 1
7.60E-003
7.60E-003
1.52E-003
5.12E-002
1.25E-002
8.72E-005
1.22E-005
8.64E-005
1,64E-002
1.24!3+000
I.18E+OO0
1.70E-004
2.02E-001
1.76E-004
1.09E-001
5.64E-002
4,52E-008
1.34E-007
1.34E-002
2.33 E-O06
2.33 E-006
2.46E-007
3.43E-006
1.34E-007
2.80E-007
1,02E-006
2.33 E-006
1,34E-002
6.72E-006
2.45E-003
2.12 E-002

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)

(Daughter)
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Pu-240 5.60E-003
Pu-24 1 4,24E-002
Pu-242 5.16E-008
Am-24 1 1.48E-001
Am-243 6.72E-006
Cm-242 3.40E-008
Cm-243 2.44E-006
Cm-244 7.08E-004

Total Activity:7.39E+O01
Total Activity Minus Daughters: 3.74E+O01

Shipping Papers and Labels:

Number Fraction Cumulative
of of Total Total

ISOTOPE A2s A2s A2s
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

* Am-241 2.74 E+OOI 5.62E-001 0.562264
* Sr-90 1.31E+OO12,69E-001 0.830976
* Pu-239 3.92E+OO0 8.05E-002 0.911517
* NP-237 2,48E+OO0 5.09E-002 0.962424

Pu-240 1.04E+OO0 2. 13E-002 0.983699
Pu-238 4.53E-001 9.31E-003 0.993007
Pu-241 1,57E-001 3,23E-003 0.996235
CS-137 9. 19E-002 1.89E-003 0.998122
Cm-244 6.56E-002 1.35E-003 0.999470
13u- 154 8.07E-003 1,66E-004 0.999636
Tc-99 6,67E-003 1.37E-004 0.999773
Sb-125 2.1 IE-003 4,33E-005 0.999816
Sin-l 51 1.87E-003 3.84E-005 0.999855
Ru- 106 1.40E-003 2,89E-005 0.999883
Am-243 1,24E-003 2.55 E-005 0.999909
CS-134 1.21E-003 2.50E-005 0.999934
Eu- 155 1,04E-003 2. 14E-005 0,999955
Cd-1 13m 6.26E-004 1.29E-005 0.999968
Pa-233 5,51E-004 1.13E-005 0.999979
CO-60 3.59E-004 7.38E-O06 0.999987
Cm-243 3.OIE-004 6.18E-006 0.999993
U-234 1,27E-004 2.61 E-006 0.999996
Te-125m 5.14E-005 1.06E-006 0.999997
Zr-93 4.75 E-005 9.76E-007 0.999998
Pa-23 1 2.79E-005 5.73E-007 0,999998
H-3 1.65E-005 3.39E-007 0.999999
Sn-126 1,08E-005 2,21 E-007 0.999999
U-236 1.04E-005 2. 13E-007 0.999999
Pu-242 9.54E-006 1.96E-007 0,999999
U-233 9,1 lE-006 1.87E-007 I.00000
Eu-152 7,24E-006 1.49E-007 1.00000
Ni-63 7, 10E-006 1.46E-007 1.00000
Pm- 147 7.00E-O06 1,44E-007 1.00000
Nb-93m 1.25E-006 2.56E-008 1.00000
Sb-126 1,13E-006 2.32E-008 1.00000
Se-79 1.03E-006 2.1 IE-008 1.00000
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Th-234 4.3 lE-007 8,85E-009 1.00000
C-14 2. 14E-007 4,41 E-009 1.00000
Cm-242 1.26E-007 2.59E-009 1.00000
Ni-59 5.44E-008 1,12E-009 1.00000
Pa-234m 0.00E+OOO0,00E+OOO 1.00000
I- 129 0,00E+OOO0,00E+OOO 1.00000
U-237 0,00E+OOO0,00E+OOO 1.00000
U-238 0.00E+OOO0,00E+OOO 1.00000
Th-231 0,00E+OOO0.00E+OOO 1.00000
Ba-137m 0.00E+OOO0,00E+OOO 1,00000
U-235 0,00E+OOO0,00E+OOO 1.00000
Np-239 0.00E+OOO0,00E+OOO 1.00000
Y-90 0.00E+OOO0,00E+OOO 1.00000
Rh-106 0,00E+OOO0.00E+OOO 1.00000

* Contains 950/0of the total A2s and must be included per 49 CFR 173.433.

9.5.5 0.125 L Case in LDUA Sampler

Radcalc for Windows 2.01 Date 12-20-9822:50

Performed By:

Checked By:
File: PIG125LD.RAD
==========Input Information ===================================

Source from input
Radionuclide
H-3
C-14
CO-60
Ni-S9
Ni-63
Se-79
Sr-90
Y-90
zr-93
Nb-93m
Tc-99
RU-106
Rh-106
Cd-1 13m
Sn-126
Sb-125
Sb-126
Te- 125m
1-129
CS-134
CS-137
Ba- 137m
Pm-147
Sm-151
Eu- 152

Curies:

4.46E-003

2.98 E-006

9.69E-004

1.47E-005

1.44E-003

1.39E-005

8.82E+OO0

8.82E+oo0 (Daughter)

6.43 E-005

5.06E-005

4.05 E-002

1,90E-003

1.90E-003 (Daughter)

3.80E-004

2.18 E-005

1.28E-002

3.05E-006

3.12E-003

2. 16E-O05

4,09E-003

3.llE-001

2,94E-001 (Daughter)

4.24E-005

5.04E-002

4.39E-005
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Eu- 154 2.72E-002
Eu-155 1.41E-002
Th-231 3.35E-008
Th-234 5.83E-007
Pa-23 I 1.13E-008

HNF-SD-TP-SARP-001, Rev. 2

(Daughter)

Pa-233 3.35E-003
Pa-234m 5.83E-007 (Daughter)
U-233 6.16E-008
IJ-234 8.57E-007
u-235 3.35E-008
U-236 7.00E-008
U-237 2.54E-007
U-238 5.83E-007
NP-237 3.35E-003
NP-239 1,68E-006
Pu-238 6.12E-004
Pu-239 5.30E-003
Pu-240 1.40E-003
Pu-241 1.06E-002
Pu-242 1,29E-008
Am-24 1 3.71E-002
Am-243 1.68E-006
Cm-242 8.50E-009
Cm-243 6.llE-007
Cm-244 1.77E-004

Total Activity 1.85E+O01
Total Activity Minus Daughters:

Waste Form: Normal
Physical Form: Liquid
Container Type: Sample Pig Carrier

Package Void Volume: 7,4 1E+O03CC
Waste Volume: 125. CC
Waste Mass: 186. g
Waste Void Volume 0.000 cc

(Daughter)

(Daughter)

9.35E+OO0

Days to decay source before seal time 0.00 days
Calculate number of days sealed until 2.50% hydrogen is reached

Entered G Values:

G Alpha G Beta G Gamma

0.476 0.119 0.JJ9

Comments:
125 ml sample
Source term from Table 92-3

======== Calculated Results ‘=============================’==

HYDROGEN:
Thesealed package will contain 2.50 %hydrogenin 112.26 days
H2 Volume 190. cc
HZ Generation Rate: 0.0705 cclhour
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DECAY HEAT AND PRESSURE:
Heat Generated at seal time: 0.0626 Watts

Partial Pressure (H2): 2.60 kPa
Total Pressure (H2 and Air): 104. kPa

TRANSPORTATION:
Note Transpofiation classifications assume three significant figures.

Calculations are made at user-specified decay time,

Radioactive: Yes (0,00E+OOOnCi/g)
Effective A2 for Mixture: 0.768 Ci
Type Determination: B (from unity fraction 12,180)
Limited Quantity No

LSA-I Determination: No (from LSA-I unity fraction 65397,)
LSA-11 Determination: No (from LSA-11 unity fraction 6539.7)
LSA-III Determination: Not Applicable

HRC Quantity Determination: No

Fissile Quantity 0.101 g
Fissile Excepted: Yes

15g tissile radionuclides or less per 49CFR1 73.453(a)

TRU Waste: Yes (Transuranic Waste per Hanford Site WAC)

Reportable Quantity: Yes (from RQunity fraction 93.362)

Source at start of seal time:
Radionuclide: “
H-3
C-14
CO-60
Ni-59
Ni-63
Se-79
Sr-90
Y-90
zr-93
Nb-93m
Tc-99
RU-106
Rh- 106
Cd-1 13m
Sn-126
Sb-125
Sb-126
Te- 125m
1-129
CS-134
CS-137
Ba- 137m
Pm-147
Sm-151
Eu- 152
Eu- 154

umes:
4.46E-O03
2,98E.006
9.69E-004
1.47E-005
1.44E-003
1.39E-005
8.82E+OO0
8.82E+OO0 (Daughter)
6.43 E-005
5.06E-005
4.05 E-002
1.90E-003
1.90E-O03 (Daughter)

3.80E-004
2. 18E-005
1,28E-002
3.05E-006

3. 12E-O03
2.16 E-005
4.09 E-003
3.llE-001

2,94E-001 (Daughter)
4.24E-005
5.04E-002
4.39E-005
2.72 E-002
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Eu- 155 1.41E-002
Th-231 3,35E-008 (Daughter)
Th-234 5,83E-007
Pa-23 1 I,13E-008
Pa-233 3,35E-003
Pa-234m 5.83E-007 (Daughter)
U-233 6.16E-008
U-234 8.57E-007
U-235 3.35E-008
U-236 7.00E-008
U-237 2.54E-007 (Daughter)
U-238 5.83E-007
NP-237 3.35E-003
NP-239 1,68E-006 (Daughter)
Pu-238 6,12E-004
Pu-239 5,30E-003
Pu-240 1,40E-003
Pu-241 1,06E-002
Pu-242 1,29E-008
Am-24 1 3,71E-002
Am-243 1.68E-006
Cm-242 8.50E-009
Cm-243 6.1 lE-007
Cm-244 1.77E-004

Total Activity: 1.85E+O01
Total Activity Minus Daughters: 9.35E+OO0

Shipping Papers and Labels

Number Fraction Cumulative
of of Total Total

ISOTOPE A2s A2s A2s
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

* Am-241 6.86E+OO0 5.63E-001 0.563015
* Sr-90 3.27 E+OO02.68E-001 0.831209
* Pu-239 9.80E-001 8.04E-002 0.911639
* NP-237 6. 19E-00 I 5.08E-002 0.962478

Pu-240 2.59E-001 2. 12E-002 0.983723
Pu-238 1.13E-001 9.29E-003 0,993011
Pu-241 3.93E-002 3.22E-003 0.996234
CS-137 2.30E-002 1.89E-003 0.998125
Cm-244 1.64E-002 1.35E-003 0.999471
Eu-154 2.OIE-003 1.65E-004 0.999636
Tc-99 1.67E-003 1.37E-004 0.999773
Sb-125 5.27E-004 4.32E-005 0.999816
Sin-l 51 4.67 E-004 3.83E-005 0.999855
Ru- 106 3.5 IE-004 2.88E-005 0.999884
Am-243 3.11E-004 2.55E-005 0.999909
Cs- 134 3.03E-004 2.49E-005 0.999934
l?u- 155 2.61 E-004 2. 14E-005 0.999955
Cd- 113m 1.56E-004 1.28E-005 0.999968
Pa-233 1.38E-004 1.13E-005 0.999979
CO-60 8.97E-005 7.37E-006 0.999987
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Cm-243 7.53E-005 6. 19E-006 0.999993
U-234 3, 17E-005 2.6 IE-006 0.999996
Te-125m 1,28E-005 1.05E-006 0.999997
Zr-93 1.19E-005 9.76E-007 0.999998
Pa-23 1 6.98E-006 5.73E-007 0.999998
H-3 4, 13E-006 3.39E-007 0,999999
Sn-126 2.69E-O06 2.21 E-007 0.999999
U-236 2S9E-006 2. 13E-007 0.999999
Pu-242 2.38E-006 1.96E-007 0.999999
U-233 2.28E-006 1.87E-007 1.00000
Eu-152 1.81E-006 1.48E-007 1,00000
Ni-63 1.78E-006 1.46E-007 1.00000
Pm- 147 1.74E-006 1.43E-007 1,00000
Nb-93m 3. 12E-007 2.56E-008 1.00000
Sb-126 2,82E-007 2,32E-008 1.00000
Se-79 2.57E-007 2.1 lE-008 1,00000
Th-234 1.08E-007 8.85E-009 1.00000
C-14 5.51E-008 4,52E-009 1.00000
Cm-242 3.15E-008 2.58E-009 1.00000
Ni-59 1.36E-008 1.12E-009 1.00000
Th-231 0.00E+OOO0.00E+OOO 1,00000
1-129 0,00E+OOO0.00E+OOO 1.00000
Pa-234m 0.00E+OOO0.00E+OOO 1.00000
U-238 0,00E+OOO0.00E+OOO 1.00000
U-237 0,00E+OOO0.00E+OOO 1.00000
Ba- 137m 0.00E+OOO0.00E+OOO 1.00000
U-235 0,00E+OOO0.00E+OOO 1.00000
NP-239 0.00E+OOO0.00E+OOO 1.00000
Y-90 0.00E+OOO0.00E+OOO 1.00000
Rh-106 0.00E+OOO0.00E+OOO 1.00000

* Contains 95°A of the total A2s and must be included per 49 CFR 173,433
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@ CHECKLIST FOR CHECKING OF ANALYSIS/CALCULATIONS

)ocument Number/Revision: HNF-SD-TP-SARP-OOI, Rev.2, Section B-9

)ocument Title: Pressure and Gas Generation Evaluation

Yes NO NIA

[xl [1 [1 Problem completely defined.

[x] [1 [1 Appropriate analytical method used.

[xl [1 [ ] Necessary assumptions are appropriate and explicitly statad.

[xl [1 [1 Computer codes and data files documented.

[xl [1 [1 Data used in calculations explicitly stated in document.

[xl [1 [1 Sources of non-standard formulaldata are referenced and the correctness of

tha referenca verified.

[xl [1 [1 Data checkad for consistency with original source information as applicable.

[xl [1 [1 Mathematical derivations checked including dimensional consistency of

reeults.

[x] [1 [1 Models appropriate and used within range of validity or use outside range of

established validity justifiad.

[xl [1 [1 Hand calculation checked for errors.

[xl [1 [1 Code run streams correct and consistent with analyais documentation.

[xl [1 [1 Code output consistent with input and with results reported in analysis

documentation.

[xl [1 [1 Acceptability limits on analytical results applicable and supported. Limits

checked againat sources.

[x] [1 [1 Safety Margins consistent with good engineering practices.

[xl [1 [1 Conclusions consistent with analytical results and applicable limits.

[x] [1 [1 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

mowledge.

Engineer/Checker J.G. McFadden
c

Date 1/21/99

MOTE Any hand calculations, notes summaries generated aa part of this check should ba

signed, dated, and attached to this checklist. Material should ba labeled and recorded so that it is

ntelligible to a technically qualified third party.
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10.0 PACKAGE TIEDOWN SYSTEM EVALUATION

10.1 SYSTEM DESIGN

The N-55 package containing the Sample Pig Transport System is attached to its
transport vehicle by a Iiftftiedown assembly as shown in Figures B 10-1 and B1O-2. The N-55 is
held in place by a frame which fits over the top of the overpack and is held in place by
four tiedown straps which connect the frame to a baseplate which in turn is bolted to the bed of
the truck. The entire assembly with the exception of the J-bolts forms the tiedown assembly.
The loads and resulting stresses are evaluated in Part B, Section 10.2.

Figure B 10-1. Tiedown Assembly Dimensions.
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Figure B 10-2. Tledown Plan View.

10.1.1 Tiedown Devices

The tiedown assembly is loaded by transportation loads as defined by49CFR393.102
and 49 CFR 393.104. The required tiedown loads due to an acceleration of 0.5g acting on the
package center of gravity are calculated below. This analysis considers vertical and lateral

directions and also considers an acceleration appliedata450 angle to the direction of travel.
The effect of gravity is conservatively ignored in the analyses below. This is because the
specified loadlngs are not meant to reflect actual loads experienced by the tiedowns but rather
are to demonstrate a safe margins above expected transportation loads. The loaded gross weight
of the N-55 in the Sample Pig configuration is assumed to be 363 kg (800 lb) (390 kg [860 lb]
includlng the tiedown frame). Figures B 10-1 and B 10-2 above illustrate the assembled package
and tiedown assembly with appropriate dimensions.

The transportation load induced stresses are calculated below and are to be compared
with manufacturer’s workhg load limits for tiedown hardware. These are normally 1/5 of
breaking loads. For the tiedown frame the working load limit is considered to be the lesser of
1/3 of material yield stress or 1/5 of material ultimate stress. A Safety Margin, SM, will be
calculated to evaluate all stress calculations against the above allowable.

10.1.1.1 VerticaI Direction Acceleration. Assume that only two of the tiedowrr straps are
effective in resisting an upward acceleration of 0.5g.
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~= 0.5F
- ‘0’5)~;;6(800) = 893 N (200, 8 lb) 2

sin 84.6° –

10.1.1.2 Longitudinal and Lateral Direction Accelerations. Assume the package pivots at its
lower comer (yoint A in Figure B1 O-3) and that the upper opposite comer of the N-55 forms a
pivot point for the tiedown frame. This occurs because the frame is not tied to the overpack, but
is only restrained from moving horizontally with respect to the N-55 by the tabs welded to the
tiedown frame. All cables are thus in tension in order to provide equilibrium of the tiedown
frame. The force components are shown in Figure B 10-3.

Figure B 10-3. Transport Load Components.

r1 E

I

Writing an expression summing moments of the overall system about point A using the
dimensions given in Figures B1O-1 and B 10-2:

(25.36) F = (2.92) T,l - (48) T,, + (29.08) T,, + (48) TX,

Using the assumption that the tiedowrr fiwne is free to pivot about point B results in the
following expression for TYZin terms of TYI:
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(24.39) T,, = (1, 77) T,,

T,, = (0.073) T,,

Since the tiedown cables can carry only tensile loads and given that all cables are
oriented symmetrically with respect to the package (again using dimensions given in
Figures B 10-1 and B 10-2), the horizontal component of the tension in any cable can be
expressed in terms its vertical componen~

TX = ~ T, = (0.067) T,

Substituting into the above expression, F can be expressed in terms of TYI:

(25.36)F = (2.92~0.073)TY, -(48~0.067)(0.073~Y, +(29.08)TY, +(48)(0.067)TY, = (32.27~yj

T,, = (O.786) F

This cable value represents the sum of the vertical tension component in botb aft cables.
The horizontal component TX] is the sum of both cables also but also is the component in the
plane of the page. Since the vertical plane containing the cables is at a 45° angle to the page the
horizontal component must be increased by a factor of 1.414. Applying these corrections:

T, = ~ = (0.393) F

TX = (1.414) (0.067)TY = (0.037) F

The total tensile load in either of the aft cables is then:

T. = I/(0.393)2 + (0.037)2 F = (0.395) F

A similar procedure for the forward cables results in a value of

T, = (0. 029) F

Applying a 0.5g load to the center of gravity of the 390 kg (860 lb) load results in the following
cable tension values:

TA = (0.395)(430) = 752 N (169 lb)

T.= (O.029)(430) =53 N (12 lb)

10.1.1.3 Oblique Direction Acceleration. Assume a load is directed at an angle of 45° from
the direction of travel. Dimensions for this orientation are shown in Figure B 10-4. Force
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components are similar to those shown in Figure B 10-3. Conservatively assume only the
tiedown cables at the front and back of the package are effective. Summing moments about A:

(25.36) F = - (2.81) T,, - (48) T., + (34. 19) T,, + (48) T,,

Figure B 10-4. Oblique Direction Dimensions.
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Again, assuming the tiedown frame pivots about point B shown above and that the two
center cables are not loaded

T,, = (0.0822) T,,

The cable angle is slightly different for this orientation, resulting the following ratio of
horizontal to vertical force in both forward and aft cables
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4,125
— T, = (O.0948) TY

““ = 43.5

Substituting gives TYI and TN in terms of F

c F = (0.665) F
‘y’ = 38.13

T., = (O.0948)(0. 665) F = (O.063) F

The total tensile load in the aft cable is

T. = 40. 665’+ 0.063’ F = 0.668 F

Similarly, the forward cable load is:

T,. = JO. 054’ + 0.005’ F= 0.055 F

Substituting a 0.5g load to the center of gravity of the 390 kg (860 lb) load results in the
following cable tension values:

T.= (0.688)(430) =1. 3 kN (286 lb)

T,= (O.055)(430) = 102 N (23 lb)

The loads calculated above are summarized in the following list. They are considerably lower
than the Iifdng loads calculated in Part B, Section 7.0. Therefore, only components not loaded in
lifting will be addressed in the analyses given below.

1. Load due to 0.5g forward acceleration of the payload: 765 N (172 lb).

2. Load due to 0.5g oblique (45° sideward) acceleration of the payload: 1.3 kN
(286 lb).

3. Load due to 0.5g upward acceleration of the payload: 894 N (201 lb).

10.1.1.4 Tiedown Frame Eyebolt. The eyebolt in each arm of the tiedown frame is the
attachment point for the tiedown strap. Thus, the maximum load calculated for each eyebolt is
121 kg (266 lb). Listed working limit for a Crosby G-277 1/2x 6 shoulder nut eyebolt is
1,000 kg (2,200 lb). Again, this component easily meets the working strength requirements.

10.1.1.5 Stops Welded to Tiedown Frame. Eight stops are welded to the tiedown flame as a
means of restraining the N-55 when it is placed in position on top of the N-55. The worst-case
loading is considered to be the oblique transport loading analyzed above which is reacted by a
single set of stops. The load determination above resulted in a horizontal stress of approximately
89 N (20 lb). This load produces negligible stress in the stops or the attaching welds.
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10.1.1.6 Tiedown Cables. As shown above, the maximum load seen by a tiedowrr cable is
121 kg (266 lb). The working strength of a cable is required to be at least 0.5 times the
maximum load calculated. The weakest portion of the cable assembly is the buckle with a
working load limit of 907 kg (2,000 lb). Therefore, the tiedown straps easily meet requirements.

10.L1.7 Tiedown Base. The tiedown base consists of a rectangular frame constructed of 2.5 x
2.5 x 0.375 angle iron. The frame forms a receptacle for the base of the N-55 and reacts all loads
transmitted through the base of the N-55. In addhion, lengths of 3/8 rod are welded to the
four comers of the frame to form attachment points for the tiedown cables. The tiedown base is
bolted to the transport vehicle bed and frame.

10.1.1.8 Frame Tiedown Attachments. The rod is formed into a u shape with the ends welded
to the outside of the frame angles as shown in Figure B1O-5. The welds are 0.32 cm (O.125 in.)
by 6.35 cm (2.5 in.) and are placed on both sides of the rod. The radius of curvature of the
centerline of the rod is approximately 33 cm (1.3 in.).

Figure B 10-5. Tiedown Attachment.

T

/
/
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AttaclusEnt

The tiedowrr attachment can be considered as 1/2 of a chain link with a central stud joining the
two sides of the link as was done with the lifdng bail above. The maximum bending moment
occurs at the point of loading.
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MO – WRCI
2

Where Cl is a function of the ratio L/R

(k +2)[k’+6k’ +12k(4 -z) +48(z - 3)J

k’+ 4xk’ + 48k2 + 24z-k + 24(Z2 - 8)

and k = L/R.

The value of L is approximately 6.35 cm (2.5 in.) with R = 3.3 cm (1.3 in.) given above.
Substituting k = 2.5/1.3 = 1.923 gives Cl = 0.466 and thus the maximum moment becomes:

266(1.3)(0.466)= 81 in _ lb
~. .

2

Similarly, a tensile load, H, is produced at the point of loading

where C2 is given by

12(?++ 2)[(7r - 2)k + 2(4 - x)]

c’ = k’+ 47rk’ -b48k’ + 24zrk + 24(Z2 - 8)

Substituting gives Cj = 0.392 and the tensile load becomes

~ = 266(0.392)
= 231 N (52 lb)

2

At the point of loading, on the outer surface the maximum tensile stress is due to both the
tensile loading, H, and the moment, Mo. The stress due to H is:

S, = ~ = ~ = 3.2 A4Pa(471psi)

The bending stress crm be calculated for a curved beam using Formulas for Sfress and
Strain (Roark and Young 1975) Table 16, Case 2 with R/c= 6.93. The correction factor for the
irmer surface is by interpolation, ki = 1.12. The section modulus of the tiedown attachment is:

z d3
—= 0.085 cm’ (O.0052 in’) 3

‘x= 32
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The bending stress on the inner surface of tiedown attachment (compressive):

f,= k, ~ = 1.12 & = 120 A4Pa (17,446 psi)

The sum of the tensile stress and the compressive bending stress is:

s,=s, +s, =471 + -17,446 =-117 MPa(-16,975@)

From above the maximum stress in the tiedown attachment occurs at the point of loading.
The Safety Margin is:

(–)58,000

SM=~ =0. 683
16,975

Assume the tensile load is equal to the maximum cable load calculated above and that the
entire load is reacted by one leg of the attachment.

f=~= 286
=12 kN (2,589 lb)

A (0.25 z O.375’)

SA4=%= 4.48

The shear stress in the attachment weld is conservatively assumed to result from the
entire load being carried by one leg of the attachment.

AW= 2 (2.5) = 12,7 cm (5. Oin.)

f .=~=~=IOkN/m(57.21b/in)

The allowable weld load for a 1/8 in. weld is:

()=,.= (0.6)(0. 125)( 707) ? =107 kN/m (615 Ib/in)

SM _ 615 _10,75

57.2

10.1.1.8 Tiedown Base Frame. The frame carries the loads from the N-55 to the bed and frame
of the transport vehicle (Figure B 10-6). The bearing load from the base of the package is carried
from the center of the beam to the frame bolts. The frame can be considered blocking as defined
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in 49 CFR 393.104. Therefore it must resist a deceleration of 20 ft/sec2 (0.62 g). Using a
payload weight (including the tiedowu frame) of 390 kg (860 lb) the horizontal load, F, becomes

F.= (0. 62)(860) = 2.4kN (533 lb)

Figure B1 O-6. Tiedown Base Frame.

T

t

Consider the frame carrying the load to be a simple beam 64.77 cm (25.5 in.) in length.
The section modulus, SY of a 2.5 x 2.5 x 0.375 angle is 9.28 cm3 (0.566 in3).

~ _ F. 1 _ 533 (25.5)
—=384N-m(3,399 in-lb)

4 4

~,=:= 3>399—= 41.4 A4Pa (6,005 psi)
, 0.566

~M=ll,600=I,93

6.005

10.1.1.9 Bolts. The frame carrying the N-55 is attached to the truck bed with 4 %-13UNC bolts
of A-307 material (Fu = 414 MPa [60,000 psi]). Assume two of the bolts react the moment of
payload experiencing a 0.62g deceleration. The moment arm from the pivot point of the N-55 to
the bolts is assumed to be 81.3 cm (32 in.). From the loads analysis above, the moment due to a
0.5g acceleration is:
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M.=(860)(25.36) =2.5kN-m(21,810 in-lb)

The force per bolt is then,

—= 1.5 kN(341 lb)~,_ M._ 21,810

21 2(32)

Tensile areaofthe boltis0.142in2. Boltstress isthen,

f,= T,/ A=341/0.142= 17 Mpa(2,400 psi)

~M = 60, 000/5= j, o

2,400

Due to the large margin for the bolts, the additional analyses involving the bolts are not
considered necessary.

10.2 ATTACHMENTS AND RATINGS

The following attachments and ratings were used to evahrate the tiedown system:

~-.
Attachment I Rating I
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