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SAFETY EVALUATION FOR PACKAGING FOR ONSITE
TRANSFER OF B PLANT ORGANIC WASTE

PART A: DESCRIPTION AND OPERATIONS

1.0 INTRODUCTION

1.1 GENERAL INFORMATION

The purpose of this safety evaluation for packaging (SEP) is to authorize
the use of a 17,500-L (4,623-gal) tank manufactured by Brenner Tank,
Incorporated, to transport up to 16,221 L (4,285 gal) of radioactive organic
1iquid waste. This liquid waste was originally stored in cells 27 and 28
within the B Plant canyon. The tank containing the waste will be transported
from the organic loading pad to a storage pad. Both pads are within the
B Plant complex, but approximately ¥ mi apart. The tank was previously
certified for offsite shipment of low specific activity material as is
presented in Part A, Section 2.1, of this SEP; however, the tank has since
been modified to allow for passive venting during storage. The tank will be
sealed during any transport operations.
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2.0 PACKAGING SYSTEM

2.1 CONFIGURATION AND DIMENSIONS

The tank assembly was manufactured by Brenner Tank, Incorporated. It
consists of a cylindrical tank shell with hemispherical heads and an
International Standards Organization (ISO) twist-lock-compatible frame
assembly. The twist-lock corner fittings provide a means for tiedown and mate
with corresponding fittings on an ISO-compatible trailer. The tank
modifications include the addition of two filtered vents that will bolt to
existing flanges. In its original configuration, the tank met the
requirements of the Specification for IS0 Tank Container Greater than
1000 Gallons Internal Volume for Shipment of Nitrating Liquids Greater than
50% Nitric Acid (WHC 1994) and was certified by the American Bureau of
Shipping to meet the following codes, specifications, and performance criteria
(the certification is presented in Part A, Section 10.0):

o American Bureau of Shipping rules for the certification of cargo
containers

o International Convention for Safe Containers

e International Maritime Dangerous Goods Code for International
Maritime Organization Type 1 (Type 1 portable tanks)

¢ International Regulation Concerning the Carriage of Dangerous Goods
Code/European Agreement Concerning International Transportation of
Dangerous Goods by Rail

¢ American Association of Railroads 600

o Customs/Transportation International Routier

s U.S. Department of Transportation (DOT) Specification 51
(49 CFR 178.245)

¢ Transport Canada 51
e Design temperatures -28.8 °C (-20 °F) to 121 °C (+250 °F)
o Design pressure 0.69 MPa (100 psig)
o Test pressure 1.06 MPa (154 psig).
Dimensions are as follows:

Outside shell length (includes heads): '591.66 cm (232 15/16 in.)

[ ]

o Outside shell diameter: 200.57 cm (78.965 in.)
o Shell thickness (minimum): 0.75 cm (0.295 in.)

» Head thickness (minimum): 1.11 cm (0.438 in.)

o Capacity (maximum): 17,500 L (4,623 gal).

A2-1
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The modifications consist of the following:
o Adding a 30.48-cm- (12-in.-) square Flanders Nuclear Grade Super
Flow high-efficiency particulate air filter (Model N2N2, Size CC-D)
to the existing air inlet valve

s Adding 12.7-cm- (5-in.~) long, 6.35-cm- (2.5-in.-) inside diameter
extension from the air inlet valve into the interior of the tank

o Replacing the pressure vent assembly with a valve and filter (same
valve and filter used on the air inlet valve, but with no extension
into the tank)

o Adding a hydrogen vent to the top of the large and small spilldam
assemblies.

2.2 - MATERIALS OF CONSTRUCTION

The tank shell is constructed of 304 or 304L stainless steel. The frame
assembly is constructed from various grades of carbon or high-strength Tow-
alloy steel.
2.3 DESIGN AND FABRICATION METHODS

The tank assembly was designed and fabricated per ASME (1992).

2.4 MWEIGHTS AND CENTER OF GRAVITY
The center of gravity of the loaded tank is assumed to be at the
geometric center of the shell. The maximum gross weight per the certificate
of approval (see Part A, Section 10.0) is 30,480 kg (67,200 1b). Actual
weights will be less and are approximately as follows:
e Tank assembly: 4,604 kg (10,150 1b)
s Payload (conservatively
assumes 17,500 L [4,623 gal]
and a specific gravity of 1): 25,876 kg (38,581 1b).
2.5 CONTAINMENT BOUNDARY
The containment boundary consists of the following:
s Shell walls and heads
s 69.85-cm (27.5-in.) blind manhole flange
s 3.8l1-cm (1.5-in.) blind top discharge flange

s Blind process control flange

A2-2
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e Air inlet valve
o Valve that will bolt to the flange for the pressure vent/telltale
gauge/burst disc assembly (this valve will be identical to the valve
used on the air inlet valve).
2.6 VOLUME (CAVITY SIZE)
The tank has a capacity of 17,500 L (4,623 gal). Maximum allowable waste
volume will be 16,221 L (4,285 gal).
2.7 HEAT DISSIPATION
There are no special features required to dissipate heat. Passive heat
dissipation is sufficient (see Part B, Section 7.0).
2.8 SHIELDING
Shielding is provided by the tank shell and heads. See Part 8,
Section 4.0, for dose rates.
2.9 LIFTING DEVICES

There are four twist-lock attachments at the top corners of the frame
assembly.

2.10 TIEDOWN DEVICES

The tank will be attached to the trailer via the four twist-lock fittings
on the bottom of the frame assembly.

A2-3
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3.0 PACKAGE CONTENTS

3.1 GENERAL DESCRIPTION

The tank is authorized for up to 16,221 L (4,285 gal) of radioactive
organic 1iquid waste from the B Plant canyon.
3.2 CONTENTS RESTRICTIONS

The isotopic content contained in the 1iquid is limited to that presented

in Table A3-1. There shall be no additional radioactive or hazardous
component contained within the 1iquid.

Table A3-1. B Plant Organic Waste Source Term. (2 sheets total)

Isotope Alpha Seta Ci/MTIU Adjusted activity Reduced Cs Total activity
e yleld yield 12% N _fuel (C1/ml) activity (uci/at) (i)
Kr 1.000 5.03 £+02 6.49 E-01 6.49 E-01 1.13 Es01
[0 1.000 5.78 £+03 7.45 E+00 7.45 E+00 1.30 E+02
[0y 1.000 5.78 E+03 7.45 E+00 7.45 E4+00 1.30 E+02
%350 1.000 1.7 €01 2.21 E-04 2.21 E-04 3.84 E-03
[ 1.000 1.26 E+00 1.62 €-03 1.62 £-03 2.83 E-02
[ 108, 1.000 5.23 E+01 6.75 £-02 6.75 E-02 1.18 E+00
N 1.000 5.23 E+01 6.75 E-02 6.75 E-02 1.18 E+00
ey 2.35 E+00 3.04 €-03 3.04 E-03 5.29 E-02
1&g 0.999 1.25 Es02 1.61 E-01 1.61 E-01 2.80 E+00
Ton, 3.04 E+01 3.92 £-02 3.92 E-02 6.83 E-01
38¢q 1.000 1.27 402 1.64 E-01 1.21 E-02 2.10 E-01
Bies 1.000 7.29 E+03 3.89 E+00 2.86 E-01 4.98 E+00
V3rag, 6.90 E+03 3.68 £+00 2.7 E-01 4.71 E+00
ehce 1.015 2.79 Es01 3.60 E-02 3.60 E-02 6.26 E-01
Wepe 1.000 2.79 E+01 3.60 €-02 3.60 E-02 6.26 E-01
admp,. 3.35 £-01 4.32 €-04 4.32 E-04 7.52 E-03
elon 1.000 1.96 E+03 2.52 E+00 2.52 E+00 4.39 E+01
Blsm 1.000 8.95 E+01 1.15 €-01 1.15 E-01 2.01 E+00
e, 0.710 6.51 E-01 8.4 E-04 8.41 E-04 1.46 E-02
iy 1.000 8.80 E+01 1.16 E-01 1.1 E-01 1.96 E+00
Bogy 1.010 3.48 401 4.49 E-02 4.49 E-02 7.82 E-01
hapy 1.001 3.32 E-01 1.52 E-06 1.52 E-06 2.65 E-05
Lo 1.000 3.32 E-01 1.52 £-06 1.52 E-06 2.65 E-05
Shy 1.000 4.25 E-01 1.9 E-06 1.9 E-06 3.38 E-05
oy 1.010 1.09 E-01 5.00 E-07 5.00 E-07 8.71 E-06

A3-1
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Table A3-1. B Plant Organic Waste Source Term. (2 sheets total)
2%, 1.002 3.32 E-01 1.52 E-06 1.52 E-06 2.65 E-05
B8, [1.000 .77 €401 2.19 E-04 2.19 E-04 3.81 £-03
ETNE 1.10 E+02 5.05 E-04 5.05 E-04 8.79 E-03
[0, | 1.000 5.82 E+01 2.67 £-04 2.67 E-04 4.65 £-03
[Ty | o.000 1.000 4.45 E+03 2.04 E-02 2.04 E-02 3.55 £-01
[Ty [ 1.000 9.29 E+01 4.26 E-04 4.26 E-0b 7.42 £-03
[, [ 0.008 1.08 E-01 4.96 E-07 4.96 E-07 8.66 E-06
%2, 0.827 1.08 E-01 4.93 €-07 4.93 E-07 8.50 E-06
Total activity 3.37 E+02
Total beta 2,64 E+04 Ci 2.28 E+01 1.90 E+01 3.32 E+02
Total alpha 3.10 E+02 Ci 1.42 E-03 1.42 E-03 2.47 E-02

NTIU = Metric tonne of initial uranium.

A3-2
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4.0 TRANSPORT SYSTEM

4.1 TRANSPORT VEHICLE

The tank shall be transported on a trailer of appropriate capacity for
the maximum gross package weight. The trailer shall have twist-lock devices
that interlock with the twist-lock fasteners on the package.

4.2 TIEDOWN SYSTEM

Tiedown shall be via the twist-lock fasteners.

4.3 SPECIAL TRANSFER REQUIREMENTS

The following special transfer requirements shall be met.

Only up to 16,221 L (4,285 gal) of radioactive organic liquid waste
will be allowed. This is to provide proper inner ventilation space
during storage.

The section of the road on which the shipment will be transported
shall be closed to the public and nonessential workers.

A11 workers involved in transport, including the driver, shall be
qualified Hanford Site radiological workers.

Dose rates shall be below 2.0 mSv/h (200 mrem/h) at the surface of
the vehicle, 0.10 mSv/h (10 mrem/h) at 2.0 m (6.56 ft) from the
vehicle edge, and 0.05 mSv/h (5 mrem/h) at the driver location or
any normally occupied space provided the worker is a Hanford Site
radiological worker.

The 2.0-m (6.56-ft) dose rate may exceed the 1imit of 0.10 mSv/h
(10 mrem/h) and may be up to 0.35 mSv/h (35 mrem/h) provided all
special requirements above are met (roads closed to public and
nonessential workers, qualified radiological workers only).

When stationary, the controls specified in HSRCM-1, Hanford Site
Radiological Control Manual, apply, including any posting for
personnel exclusion areas.

The transport vehicle shall conform to.DOT annual inspection
requirements found in 49 CFR 396.3, "Inspection, Repair, and
Maintenance," and 49 CFR 396.17, "Periodic Inspection."

Prior to loading of tank and subsequent transport, the tank assembly
(tank and frame including twist-locks) shall be visually inspected
to ensure that there is no damage or deterioration.

Transport vehicle speed will be limited to 48.3 km/h (30 mph) unless
a Tower speed is posted.
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The tank will not be transferred during periods of inclement
weather; i.e., winds in excess of 48.3 km/h (35 mph), heavy rain,
blowing dust or fog that results in poor visibility, or slippery
roads.

The requirements of WHC-CM-2-14, Hazardous Material Packaging and
Shipping, shall be met.

During transfer conditions, removable contamination on the exterior
surfaces of the tanks shall not exceed the DOT limits shown in
Table A4-1 when measured per 49 CFR 173.443(a).

Tank valves shall be closed during transport and only for a maximum
allowable time of 150 hours.

Table A4-1. Removable External Radioactive
Contamination--Wipe Limits.

Contaminant Naximum permissible
limit ¢ )
Beta-garme emitting udiomclidn all radionuclides with 22

half lives,less than days;natural nium; natural
thor fum; LY s h, nd Z50Th when

contained in ores or El_pic-l concentrates.
ALl other slphs-emitting radionuclides. 2.2

Ad-2
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5.0 ACCEPTANCE OF PACKAGING FOR USE

The tanks shall be inspected prior to shipping to ensure that there is no
damage or deterioration that would impair the function of the tank. The
gaskets and sealing surfaces shall be inspected prior to loading to ensure
that they are clean and free from large scratches, dents, or other
deformations that would prevent them from sealing.
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6.0 OPERATING REQUIREMENTS

6.1 GENERAL REQUIREMENTS

A1l packaging and shipping operations shall be as required by WHC-CM-2-14
and this SEP. A1l operations shall follow the Hanford Site "Master Safety
Rules” referenced in WHC-CM-1-10, Safety Nanual, and the applicable
Occupational Safety and Health Administration standards per 29 CFR 1910.

6.2 LOADING AND LIFTING THE PACKAGE

The tank shall be loaded while in place on the trailer. The tank may be
lifted at the destination using appropriate 1ifting devices that attach to the
top corner twist-lock fittings. All lifting equipment shall meet the
requirements of the Hanford Site Hoisting and Rigging Manual (DOE-RL 1993).

A6-1
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7.0 QUALITY ASSURANCE

7.1 GENERAL REQUIREMENTS

The cognizant facility Quality Assurance personnel are responsible for
the following.

1. Verifying that the tank assembly is in unimpaired physical condition
and displays no visual defects that could adversely affect the
performance of the packaging.

2. Verifying that all special packaging instructions (as applicable)
for filling, closing, and preparing the tank for shipment have been
followed. .

3. Ensuring that appropriate documentation is prepared and retained in
accordance with WHC-CM-2-14; WHC-CM-4-2, Quality Assurance; and

Quality Assurance Program Plan for the Hazardous MNaterials
Transportation and Packaging Program (WHC 1995).

7.2 SEP CONTROL SYSTEM

This SEP will expire immediately following the shipment or one year from
the document release date, whichever is first.

A7-1
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8.0 MAINTENANCE

This SEP authorizes only a single transfer of the tank, and as a result,
there are no transportation maintenance requirements. The tank must meet the
requirements of Part A, Section 5.0, prior to shipping.
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10.0 APPENDIX: CERTIFICATION

American Bureau of Shipping
_ Dusign Typs No.: AB /  o79/s2.04
Tank Container Certificate of Approval Conificae Ne.: ........... o
hdmb-“ﬂﬁlqﬂdby*
s D o’ No.: 1078101 .
Samulemtr & SHBREINNER TANK IE., POND DU LAC, Wi o Mosn
Oueer & midvms .5, DEPARTMENT OF ENERGY, NCHLANG WA Oty 016 178 8

mnnmmum»mwm«mmwummawmumuu
construction, including detalls of design, 7 to the ABS Rules for the Certification
anpConu.nhhumoulCmmd&&CmMmﬂublbmn

1 #MDG), NO/AGR, AAR 900, CUSTOMB/TIR, US DOT SPEC $1°°, AND TRANSPORT CANADA TC 51 **

Mia. . (e 0.205° 0412
Bquiv. wild steel thickness: b (man) o {im) Corrosion o .. o) 0028 im
{1} 2.5" FORT VALE SUPSRMAXI PAESSURE RELEIF VALVE WITH RUPTURE DISC IN SERIES 75333432
Safety ralief dovices:
110 P8iG WA
k] POBIUIES. PREMMIE.......c.coctinirinraniaen VACAMMAR.....c000ninaisncennsanter
CONTAINER CHARACTERISTICS
Oversll leagh 0 o P N o o W 0.8
Meaulation & cladding: NONS;
2 157 DURCO LUG VALVES W TOP DICHANGE ANO AR LI (L, 20078 o 7080 o,
e 000t rold . WY TEST AEPORT NO. IVCT 527788 . 3 JUNE 1902 : oD
Hideoulic vost peassure and dats o 1hs. CORMBM.......eo e Wame -
14.5 P3G 30 JUNE 1998

Loak tont pressure and dute for this container:

MANUFACTURER'S STATEMENT

1 hareby affivus thet the Ak container described above has besn masslicuied sccording v
08 MAY 18098 T31386
[ro ioviosncel, under the affecti

THIS TANK CONTAINGA 1§ NOT RTTED WITH INTERMEDIATE LOAD TRANSFER ZONES AND 1 TO BE TRANSPORTED BY

HIGHWAY ON A SUITABLE CHABIS.
7y
S R s e UL TS Y %% o | 4 51 V-V~ 0N
¢ MAROLD £. AICHARDSON
AMERICAN BUREAU OF SHIPPING
I P
W clans o G Suthasand enites. iound 1 comgly Wb 900 o e o e Auine. Quides. Mondand
o o erierie o Arovioan Burmey of Biipping. The weinity, applicebilly and L) Amasicen. Shipping
el g, anisshee
e suppler opsin GPOIN @ sher anily of aay wamarsy eagenns or implied.
CTR AS 300 WAL . “ppies 10 4 partabls \enim aniy

Al0-1



WHC-SD-TP-SEP-050 Rev. 0

This page intentionally left blank.

A10-2



WHC-SD-TP-SEP-050 Rev. 0

PART B: PACKAGE EVALUATION

1.0 INTRODUCTION

1.1 SAFETY EVALUATION METHODOLOGY

The tank was analyzed against the requirements of WHC-CM-2-14, Hazardous
Materials Packaging and Shipping, for onsite transportation of Type B
material. The onsite normal transfer conditions are analyzed, and the tanks
meet the criteria for those conditions. Accident conditions were not analyzed
because prior to modification the tank was certified for offsite shipment of
this type of payload. The primary purpose of this safety evaluation for
packaging (SEP) is to address modifications to the tank, problems associated
with hydrogen generation, capability to ship a payload less than 80% by
volume, and to address dose rates which exceed normal specified limits.

1.2 EVALUATION SUMMARY AND CONCLUSION

The tank is safe for the onsite transportation of organic waste as
demonstrated by this SEP.

The contents evaluated as acceptable is 16,500 L (4,600 gal) of organic
waste from the B Plant canyon. However, only 16,221 L (4,285 gal) will be
allowed to provide proper vent space during storage. The contents evaluation
is presented in Part B, Section 2.0.

A radiological risk evaluation was not performed because there is no need
to address accident conditions based on the payload meeting low specific
activity (LSA)-II.

Containment is maintained throughout all normal transfer conditions. The
containment evaluation is presented in Part B, Section 3.0.

The shielding evaluation demonstrates that the tanks can be transferred
in a manner consistent with as Tow as reasonably achievable (ALARA) practices.
The tank shielding and payload, coupled with special transfer requirements as
outlined in Part A, Section 4.3, meet the onsite dose rate requirements for
ghipping LSA-IT material. The shielding evaluation is presented in Part B,

ection 4.0.

Subcriticality is maintained in all conditions due to the small quantity
of fissile materials. The criticality analysis is presented in Part B,
Section 5.0

The structural evaluation concludes that the loaded tank can be loaded,
lifted, and transported safely. The structural evaluation is presented in
Part B, Section 6.0.
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The thermal evaluation indicates that heat generation is not a concern
due to the very small amount of thermal energy created by the payload. The
thermal evaluation is presented in Part B, Sectiop 7.0.

Gas generation analyses show that the equilibrium hydrogen concentration
in the tank will be 2% (with the filters open), and once the filter isolation
valves are closed for shipping, it will take 150 hours to reach 2.5% hydrogen
concentration within the gaseous layer. The gas generation analyses are
presented in Part B, Section 8.0.

The tiedown analysis shows that the system meets the U.S. Department of
Transportation (DOT) requirements for load securement. The tiedown analysis
is presented in Part B, Section 9.0.

1.3 REFERENCES

WHC-CM-2-14, Hazardous Naterials Packaging and Shipping, Westinghouse Hanford
Company, Richland, Washington.
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2.0 CONTENTS EVALUATION

2.1 CHARACTERIZATION

A maximum of 16,221 L (4,285 gal) of organic waste will be transferred
from the B Plant canyon to the B Plant organic tank storage pad. The waste
consists of 70% normal paraffin hydrocarbon, 10% tributyl phosphate, and 20%
di-2 ethylhexyl phosphoric acid. The 1iquid has a specific gravity of 0.85
and is contaminated with the radioactive source term shown below.

NOTE: For source term determination, a pay10ad of 17,413 L (4,600 gal) was
assumed, for conservatism.

2.1.1 Source Term

The spreadsheet Quattro' Pro was used to extract isotopic information
from a brace of laboratory analyses that reported merely the total alpha,
beta, and gamma counts. A quick check of the relative influence of the
various isotopes to the total gamma-ray spectrum was made using the program
ISOSHLD (Engel et al. 1966, Simmons et al. 1967, Rittmann 1995).

2.1.1.1 Assumptions. The following assumptions were made.

s The gamma-ray count is entirely the result of ™Ba. The use of
this assumption implicitly assumes that the detector used
discriminates against gamma-ray energies lower than 0.66 MeV and
that the interference from other gamma rays and/or Bremsstrahlung at
this energy is negligible.

s The mix of isotopes is that of 10-year aged 12% #°Pu N Reactor
fuel. This is a conservative assumption.

2.1.1.2 Input Data. Two organic waste samples are analyzed, and the results
are averaged. They are then used in the tabulation of Table B2-1. A more
thorough description of the input can be found in Source Term for the B-Plant
Organic Waste (Goldberg 1996), which develops the activity concentration. The
data from tp eference re multiplied by the assumed payload volume,

1.7413 x 10 cm (4.6 x 10° gal), to obtain the total source.

2.1.1.3 Calculations and Results. The averaged laboratory results are
entered into a Quattro Pro spreadsheet using a disk operating system-based
persona] computer. The beta ray and alpha branching ratios are entered as
given in Radioactive Decay Data Tables (Kocher 1981). The activity per metric
tonne of N Reactor fuel for each isotope is taken from ORIGEN2 Predictions of
N Reactor Fuel Actinide Composition (Hedengren and Goldberg 1987) and ORIGEN2
Predictions of N Reactor Fuel Fission Product Composition (Hedengren and
Goldberg 1985) and then entered into column four of the spreadsheet.

1ﬂunttro is ® trademark of Borland.
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The total activities of the alpha particle-emitting radioisotopes are
then normalized to the average measured alpha particle activity, and the
%ﬁjivity of the nonalpha particle-emitting actinides is scaled similarly. The

l‘B%wactivit_y is then normalized to the average measured gamma-ray activity.
The 7'Cs activity _is then scaled to reflect the fact that it is in secular
equilibrium with *"™Ba.

The beta particle activities from the *'Cs and from the actinides are
then subtracted from the measured beta particle activity, and the remainder of
the beta particle emitters are scaled such that the total beta particle
activity would equal the average measured value. These values are tabulated
in the column of Table B2-1 labeled "Adjusted activity."

The sixth column of tpsh;able is obtained by reducing the cesium
concentration so that the a activity concentration is reduced to

0.28? uCi/q@r This 1; due to planned washing of the waste for cesium removal.
The "*Cs, “'Cs, and “™Ba are affected. It is assumed that no other
radioisotopes would be affected by this washing process.

The final column is obtained by multiplying the activity concentration in
the previous column by the volume of the tank.

2.1.2 Source Term Classification

The inventory listed in Table B2-1 will be transported in one shipment.
It qualifies as LSA-II per 49 CFR 173.403. LSA-II classification is
determined in the fo]lowi;g manner. A liquid is defined by DOT as LSA-II if
it contains less than 107 A,s per gram. In addition, the external dose rate
must not exceed 10 mSv/h (1 rem/h) at 3 m (9.84 ft) from the unshielded
material, and the payload may not exceed 100 times the A, quantity.

The number of A,s in the mixture is determined, as shown in Table B2-2,
by dividing the activity of the radionuclide by the A, value for the
radionuclide. The fraction of A,s is summed to give fne total A,s in the
liquid. This sum is 56.9, which is less than the allowable 100 zAzs.

The nymber of A,s is then divided by 10" and the mass in grams
(1.75 x 10° g). The resulting number (0.33) is less than 1.0, indicating that
the liquid qualifies as LSA-II.

Finally, the dose rates off of the unshielded material are calculated and
are shown to be less than 10 mSv/h (1 rem/h) at 3 m (9.84 ft) (see Part B,
Section 4.0).

B2-2
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Table B2-1. B Plant Organic Waste Source Term.
Isotope Alpha Beta Ci/mTiv Adjusted activity Reduced Cs Total sctivity
'ﬂ yh%i yield 12X N fuel w activitz (Elll) {Ci)
Kr 1.000 5.03 E+02 6.49 €-01 6.49 E-01 1.13 €401
[se 1.000 5.78 E+03 7.45 E+00 7.45 E+00 1,30 E+02
K 1.000 5.78 E£+03 7.45 E+00 7.45 E+00 1.30 E+02
%20 1.000 1.71 E-01 2.21 E-04 2.21 E-04 3.84 €-03
e 1.000 1.26 E+00 1.62 E-03 1.62 E-03 2.83 E-02
| o0, 1.000 5.23 E+01 6.75 E-02 6.75 €-02 1.18 €400
| 1%k, 1.000 5.23 E+01 6.75 E-02 6.75 E-02 1.18 E+00
Timcy 2.35 E+00 3.04 E-03 3.04 €-03 5.29 E-02
1g 0.999 1.25 E+02 1.61 E-01 1.61 E-01 2.80 E200
TS 3.06 E+01 3.92 E-02 3.92 E-02 6.3 E-01
[ 133, 1.000 1.27 E+02 1.64 E-01 1.21 €-02 2.10 E-01
Bles 1.000 7.29 E+03 3.89 E£+00 2.86 E-01 4.98 E+00
1Simgy 6.90 E+03 3.68 E+00 2.71 E-01 4.71 E+00
1eéce 1.015 2.79 E+01 3.60 E-02 3.60 E-02 6.26 E-01
o 1.000 2.79 E+01 3.60 E-02 3.60 E-02 6.26 E-01
Temp,. 3.35 E-01 6.32 E-04 4.32 E-04 7.52 E-03
™ 1.000 1.96 E+03 2.52 E»00 2.52 E+00 4.39 E+01
[T Tse 1.000 8.95 E+01 1.15 E-01 1.15 E-01 2.01 E+00
752, 0.710 6.51 E-01 8.41 E-04 8.41 E-04 1.46 E-02
-15‘Eu 1.000 8.80 E+01 1.14 E-01 1.14 E-01 1.98 E+00
133y 1.010 3.48 E+01 4.49 E-02 .49 E-02 7.82 £-01
Shmp, 1.001 3.32 £-01 1.52 E-06 1.52 E-06 2.65 E-05
Shrn 1.000 3.32 E-01 1.52 E-06 1.52 E-06 2.65 E-05
2%, 1.000 4.23 E-01 1.9 E-06 1.9 E-06 3.38 £-05
=iy 1.010 1.09 E-01 5.00 €-07 5.00 £-07 8.71 E-06
255, 1.002 3.32 €-01 1.52 E-06 1.52 E-06 2.65 E-05
[ 28, [7.000 4.77 €401 2.19 E-04 2.19 €-04 3.81 E-03
%0 [o.999 1.10 £+02 5.05 E-04 5.05 E-04 8.79 £-03
205, [1.000 5.82 E+01 2.67 E-04 2.67 £-04 4.65 E-03
(275, [0.000 1.000 4.45_E+03 2.06 E-02 2.04 £-02 3.55 £-01
T 1000 9.29 E+01 4.26 E-04 4.26 £-04 7.42 E-03
[ 252 1 0.005 1.08 E-01 4.96 E-07 4.96 E-07 8.6 E-06
B 0.827 1.08 E-01 4.93 E-07 4.93 E-07 8.59 E-06
Total activity 3.37 £+02
Total beta 2.64 E+04 Ci 2.28 E+01 1.90 E+01 3.32 E+02
[ Total alphs 3.10 E+02 Ci 1.42 E-03 1.42 E-03 2.47 E-02

MTIU = Metric tonne of initial uranium.
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Table B2-2. Low Specific Activity Determination.

Isotope Activity (Ci) Ay (Ci) A, fraction
e 1.13 E+01 2.70 E+02 4.19 E-02
W5, 1.30 £+02 2.70 E+00 .81 €401
[0 1.30 Ev02 5.41 E+00 0.00 E+00
KD 3.84 E-03 5.41 E+00 7.10 E-04
Pre 2.83 €-02 2.43 E+01 1.16 E-03
[y 1.18 E+00 5.41 E+00 2.18 E-01
[ 108, 1.18 E£+00 0.00 E+00 0.00 E900
[T 5.29 €-02 2.43 €00 2.18 E-02
S 2.80 E+00 2.43 E+01 1.15 £-01
LI 6.83 £-01 2.43 E+02 2.81 E-03
[ T34, 2.10 £-01 1.35 E+01 1.56 E-02
13eg 4.98 E+00 1.35 E+01 3.69 £-01
137mg8 4.71 E+00 0.00 E+00 0.00 E+00
Ve 6.26 E-01 5.41 E+00 ° 1.16 E-01
Tehp 8 6.26 E-01 0.00 E+00 0.00 E+00
ka8 7.52 E-03 0.00 E£+00 0.00 E+00
1e7pn 4.39 E+01 2.43 €401 1.81 E+00
Plsm 2.01 E+00 1.08 E+02 1.86 E-02
g, 1.46 E-02 2.43 E+01 6.01 E-04
= 1.98 E+00 1.35 E+01 1.47 E-01
3y 7.82 E-01 .41 E+01 1.45 E-02
KT 2.65 E-05 0.00 E+00 0.00 E+00
24, 2.65 E-05 5.41 E+00 4.90 E-06
%, 3.38 £-05 2.70 €-02 1.25 E-03
S 8.71 E-06 0.00 E+00 0.00 E+00
K 2.65 E-05 Unlinited 0.00 Ev00
B3 3.81 £-03 5.41 £-03 7.04 E-01
5%, 8.79 €-03 5.41 E-03 1.62 E+00
2505, 4.65 E-03 5.41 E-03 8.60 E-01
B 3.55 E-01 2.70 E-01 1.31 E+00
s 7.42 £-03 5.41 E-03 1.37 Ev00
An 8.64 E-06 5.41 E-03 . 1.60 E-03
B 8.59 E-06 0.00 E+00 0.00 Ev00
Total = 2,01 E+02 Total = 5.69 E+01 =
(excluding daughters) number of A

A, for mixture of normal form = (2.01 E+02)/(5.69 E+01) = 3.53 C{

HRCQ: Not NRCQ because total nusber of A.s is 5.69 E+01 and total number of curies is
2.01 E+02, which is less than the HRCQ de;inition for normal forwm of 3000 A8 or 27,000 Ci.

HRCQ = Highway route controlled quantity.

This radionuclide s a daughter as defined in 49 CFR 173.433; therefore, its activity
was not included in A,/A, calculations.

Fissile rndioAuc?Idt as defined in 49 CFR 173.403a. Total fissile = 1.46 E-01 9 <15 g;
therefore, fissile excepted (49 CFR 173.453a).

B2-4
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2.2 RESTRICTIONS

The special transfer requirements of Part A, Section 4.3, shall be met.

2.3 SIZE AND WEIGHT

The 1iquid payload is limited to a maximum weight of 17,500 kg
(38,581 1b). This weight is calculated on the conservative assumptions of
17,500 L (4,623 gal) and a specific gravity of 1.

2.4 CONCLUSIONS

The organic waste is acceptable for transport in the tank provided the
requirements of this SEP are met.

2.5 REFERENCES

49 CFR 173, 1996, "Shippers--General Requirements for Shipments and
Packagings,” Code of Federal Regulations, as amended.

Engel, R. L., J. Greenborg, and M. M. Hendrickson, 1966, ISOSHLD - A Computer
Code for General Purpose Isotope Shielding Analysis, BNWL-236, rev. 1.98,
Battelle-Northwest Laboratories, Richland, Washington. June 1966.

Goldberg, H. J., 1996, Source Term for the B-Plant Organic Waste,
WHC-SD-WM-CN-029, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

Hedengren, D. C., and H. J. Goldberg, 1985, ORIGEN 2 Predictions of N Reactor
Fuel Fission Product Composition, SD- CP TI-177, Westinghouse Hanford
Company, Richland, Washington.

Hedengren, D. C., and H. J. Goldberg, 1987, ORIGEN2 Predictions of N Reactor
Fuel Actinide Composition, SD-CP-TI-105, Westinghouse Hanford Company,
Richland, Washington.

Kocher, D. C., 1981, Radioactive Decay Data Tables, DOE/TIC-11026, Technical
Information Center, U.S. Department of Energy, Oak Ridge, Tennessee.

Rittmann, P. D., 1995, IS0-PC Version 1.98 - User's Guide, WHC-SD-WM-UM-030,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Simmons, G. L., J. J. Regimbal, J. Greenborg, E. L. Kelly, Jr., and
H. H. van Tuyl, 1967, ISOSHLD-II: Code Revision to Include Calculation
of Dose Rate from Shielded Bremsstrahlung Sources, BNWL-236,
Supplement 1, Battelle-Northwest Laboratories, Richland, Washington.
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3.0 CONTAINMENT EVALUATION

3.1 INTRODUCTION

The purpose of this evaluation is to determine the ability of the B Plant
organic tank to maintain it contents under onsite normal transfer conditions.

3.2 CONTAINMENT SOURCE SPECIFICATION
The authorized payload is described in Part B, Section 2.0.

3.3 NORMAL TRANSFER CONDITIONS

3.3.1 Conditions To Be Evaluated

The primary condition to be evaluated for normal transfer conditions is
structural integrity.

3.3.2 Release Acceptance Criteria

The tank was certified for offsite shipping of LSA material. Because
this payload is also LSA, the tank is considered to be acceptable as long as
its structural capabilities are not compromised by the modifications. The
modifications are described in Part A, Section 2.1.

3.4 CONTAINMENT EVALUATION AND CONCLUSIONS

The modifications are described in Part A, Section 2.1. The spilldam is
not part of the containment boundary and does not provide structural
integrity. Therefore, adding the vents or cover to the spilidam cannot affect
containment. The filter for the air inlet valve bolts to the downstream side
of the existing valve. Because this valve is closed during shipment, adding
the filter does not affect containment. Adding the 12.7-cm- (5-in.-) Tlong
extension to the inside of the air inlet valve does not affect the structural
integrity of the valve and therefore does not affect containment. Finally,
replacing the pressure vent assembly with a valve and filter does not affect
containment; the valve and filter are identical to those used on the air inlet
valve, and the valve is closed during the shipment. The tank containment is
considered to be adequate based on the above evaluations.

B3-1
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4.0 SHIELDING EVALUATION

4.1 INTRODUCTION

This shielding evaluation supports the shipment of 1liquid organic waste
in a tank truck. The tank truck will be used to transport the organic waste
from the load-out station of B Plant to a waste interim storage area.

The contents have been classified as LSA-II. LSA-II material must have
an exterior dose rate from the unshielded surface of less than 10 mSv/h
(1,000 mrem/h) at 3.0 m (9.8 ft). Other limits require that normal shipments
are less than 2 mSv/h (200 mrem/h) on the surface of the tank, 0.1 mSv/h
(10 mrem/h) at 2 m (6.56 ft), and 0.05 mSv/h (5 mrem/h) at the driver's
location or any occupied space provided that the driver or worker is a
qualified Hanford Site radiological worker. To provide protection, given any
particular circumstance, administrative controls are enforced (as specified in
Part A, Section 4.3) to guarantee that during transportation no exposure to
the public will occur and that ALARA procedures will be followed to guarantee
the safety of the workers.

4.2 DIRECT RADIATION SOURCE SPECIFICATION

4.2.1 Photon Source

The source term for the shipment of the organic waste is developed in
Part B, Section 2.0, and is listed in Table B4-1.

4.2.2 Beta Particle Source

The wall of the tank is 0.8 cm (5/16 in.) thick. This thickness is
greater than the range of the most energe&;c beta particle emanating from the
waste (the 2.2839 MeV beta particle from ™Y). Thus, doses from the direct
interaction of a receptor with beta particles will be negligible, at most.

4.2.3 Neutron Source

The concentration of neutron-emitting radionuclides indicates that the
neutron dose will be negligible.
4.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS

The computer code ISOSHLD (Engel et al. 1966, Simmons et al. 1956,
Rittmann 1995) is used on a desktop disk operating system-based personal
computer. The attenuation, buildup, and Bremsstrahlung properties of the

materials chosen are contained therein. The problem-specific description of
the calculational model is described in Part B, Section 4.4.3
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Table B4-1. B Plant Organic Waste Source Term.

Isotope Total activity (Ci) Isotope Total activity (Ci)
Bkr 1.13 E+01 15ism 2.01 E+00
sr 1.30 E+02 152gy 1.46 E-02
0y 1.30 £+02 1S4gy 1.98 E+00
S1r 3.84 E-03 55y 7.82 E-01
1c 2.83 E-02 Bémpy 2.65 E-05
1%y 1.18 E+00 B41h 2.65 E-05
1%Rh 1.18 E+00 B4y 3.38 E-05
13mc4 5.29 E-02 any 8.71 E-06
1255 2.80 E+00 238y 2.65 E-05
125m7e 6.83 E-01 Bpy 3.81 E-03
3¢ 2.10 E-01 By 8.79 E-03
Yics 4.98 E+00 9py 4.65 E-03
137mga 4.71 E+00 2#1py 3.55 E-01
1ehce 6.26 E-01 #am 7.42 E-03
V4hpy 6.26 E-01 Zmpy 8.64 E-06
144mpy. 7.52 E-03 “2pm 8.59 E-06
“7pm 4.39 E+01

4.4 NORMAL TRANSFER CONDITIONS

4.4.1 Conditions To Be Evaluated

The anterior-to-posterior effective dose equivalent is calculated at
contact and at distances of 2 m (6.56 ft) and 6 m (19.69 ft) from the surface
of the container. These calculations are carried out for distances off the
side of the container as well as for distances off the end face. For purposes
of LSA classification, the dose is also calculated at 3 m (9.84 ft), assuming
no shielding is present.

4.4.2 Acceptance Criteria
Transportation safety requires dose rate limits of 200 mrem/h on the

surface of the vehicle (including the top and underside), 10 mrem/h at any
point 2 m (6.56 ft) from the outer lateral surfaces of the vehicle (excluding
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the top and underside of the vehicle), and 5 mrem/h at any normally occupied
space (taken to be 6 m [19.69 ft]) provided the space is occupied by a
qualified Hanford Site radiological worker. In addition, LSA-II requires that
the dose rate be less than 10 mSv/h (1,000 mrem/h) at 3 m (9.84 ft) from the
unshielded material. To provide protection, administrative controls are
enforced to guarantee no exposure to the public, and ALARA procedures will be
followed to protect the worker (Part A, Section 4.3).

4.4.3 Shielding Model

The computer code ISOSHLD (Engel et al. 1966, Simmons et al. 1956,
Rittmann 1995) is used on a desktop disk operating system-based personal
computer. This code performs a point kernel integration over the source
region and sums the contributions of each of the point kernels to the dose at
a point ?etector. The program also accounts for Bremsstrahlung produced by
B-particles.

The nitric acid tank, manufactured by Brenner Tank, Incorporated, is made
of steel and has a rated volume of 17,500 L (4,623 gal). It is in the shape
of a right cylinder with rounded ends. For the purpose of this analysis, the
mog?l has flat ends. The dimensions used in the analysis are presented in
Table B4-2.

Table B4-2. Tank Dimensions Used in Calculations.

SI units English units
Inner diameter 199.1 cm 78.38 in.
Length 559.8 cm 220.4 in.
Volume 17,413 L 4,600 gal
Wall thickness 0.8 cm 5/16 in.

81 = Standard international system of units.

The steel density is assumed to be 7.85 g/cw’. This is conservative
because various types of stainless steel can be 9enser than this. The density
of the waste material is assumed to be 0.85 g/cm.

4.5 SHIELDING CALCULATIONS
The ISOSHLD results are as shown in Table B4-3.
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Table B4-3. Effective Dose Equivalent.

Center of side | Center of end Limits
mSv/h (mrem/h) | mSv/h (mrem/h) | mSv/h (mrem/h)
Contact 1.4 (140) 0.72 (72) 2.0 (200)
2 m (6.56 ft) from surface ]0.31 (31)" 0.20 (20)" 0.10 (10)
6 m (19.69 ft) from surface |[NA 0.046 (4.6) 0.05 (5)
(driver's location)
3 m (9.84 ft) from 0.45 (45) 0.27 (27) 1.0 (1000)

unshielded material

ALARA = As low as ressonsbly achievable.
*Administrative controls are enforced to guarantee no

public, and ALARA proc

e to the

edures witl be followed to protect the worker (Part A, Section 4.3).

The source term used in the analysis has a high degree of uncertainty,

but is expected to be the bounding case.

Therefore, administrative controls

are enforced to guarantee the safety of the worker and no exposure to the

public.
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4.7 APPENDICES

4.7.1 Checklist for Independent Technical Review

CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

DOCUMENT REVIEWED
NUMBER: -HJG-96-011
TITLE: SHIELDING ANALYSES FOR THE SHIPMENT OF B-PLANT ORGANIC WASTE
AUTHOR(s):__H. J, Goldberg

I. Method(s) of Review

(X ) Input data checked for accuracy
( ) Independent calculation parformed
) Hand calculation
{ ) Alternate computer code:
( ) Comparison to experiment or previous results

(x') Alternate method (doﬂne)l.l::tu.,_du&&d_&ma.duss

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

(NA) Task completely defined

(Vpd Activity consistent with task spacification

Necessary assumptions explicitly stated and supported

Resources properly identified and referenced

Resource documentation appropriate for this apptication

Input data explicitly stated

Input data verified to be consistent with original source

Geometric model adequate representation of actual geometry

Materia) properties appropriate and reasonable

Mathematical derivations chacked including dimensional

consistency

Hand calculations checked for errors

Assumptions explicitly stated and justified

Computer software appropriate for task and used within range

of validity

Use of resource outside range of established validity is

Justified

Software runstreams correct and consistent with results

M Software output consistent with input

(MA Results consistent with applicable previous experimental or
analytical findings

(MA) Results and conclusions address all points and are consistent
with task requirements and/or established limits or criteria

(MA) Conclusions consistent with analytical results and
established limits

(MA) Uncertainty assessment appropriate and reasonable

( ) Other (define)

e
<58
oS

$55x

535

e €
3z 2

III. Comments:

v. nzvrzuea:_ﬁ % g‘«wz/ DATE:_L~25-26
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TITLE: SHIELDING ANAL =
AUTHOR(s):_H. J. Goldberg

I.

II.

III.
v,

Method(s) of Review

Input data checked for accuracy
{ ) Independent calculation performed
( ). Hand calculation
aley 1

é/r Alternate computer code: AL],-_;;;
( ) Comparison to experiment or previous resuits
( ) Alternate method (define)

Checklist (either check or enter NA if not applied)

g Task completely defined

Activity consistent with task specification
Necessary assumptions explicitly stated and supported
Resources properly identified and referenced
Resource documentation appropriate for this application
( Input data explicitly stated
(.~7 Input data verified to be consistent with original source
Geometric model adequate representation of actual geometry
Material properties appropriate and reasonable
Mathematical derivations chaecked including dimensional
consistency
Hand calculations checked for errors
Assumptions explicitly stated and Justified
Computer software appropriate for task and used within range .
of validity :
Use of resource outside range of established validity is
Justified
Software runstreams correct and consistent with results
“(~1 Software output consistent with input
(,/1'Resu1ts consistent with applicable previous experimental or
analytical findings
Results and conclusions address all points and are consistent
with task requirements and/or established 1imits or criteria
Conclusions consistent with analytical results and

stablished limits
Uncertainty assessment appropriate and reasonable
) Other (define)

Comments:
REVIEWER: E& ] @F DATE: _ 25 “Sn.0,
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4.7.2 Computer Input Files

Input File (D:\ISOSHLO\INPUT\B_PLANT.) is shown below:

0 2 B-PLANT ORGANIC WASTE SOURCE TERM
POINT SOURCE DOSE AT ONE METER

RINPUT NEXT=1, 1GEQM=3, NSHLD=1,

JBUF=1,

%=100., T(1)=0,02, DUNIT=1, OPTION =1,
1CONC=0, SFACT=17.413,

WEIGHT(055)=6.5€-01,
WEIGHT(102)=2.2E-04,
MEIGHT(172)=6.8E-02,
WEIGHT(270)=3.9€-02,
WEIGHT(336)=2. 7E-01,
WE GHT (388)s2.5E+00,
WEIGNT(415)=1.1E-01,
WEIGHT(530)=1.5E-06,
WEIGHT(526)=1.5E-06,
WEIGHT (49 )=2. 7E- 04,
VE[GHT (498)=5.. 0E-07,

1 SOURCE 9 1.2

TANK SOURCE DOSE AT CONTACT - SIDE - (CHECK
1GEOM=7, NSHLD=2, JBUF=2,

LINPUT NEXT=1,

VEIGHT(082)=7.,5E+00,
WEIGHT(141)=1.6E-03,
WEIGHT(206)=3.0€-03,
WEIGHT(319)=1.2E-02,
WEIGHT(376)=3.6€-02,
WEIGHT(403)=1.2E-01,
WEIGHT(418)=4.5E-02,
WEIGHT(520)=1.9€-06,
WEIGHT(492)%2.2E-04,
WEIGHT(495)%2.0E-02,
WEIGHT (499)=4 . 9E-07,

IPRNT=0,

WEIGHT(084)=7.5E+00,
WEIGHT(170)=6.8E-02,
WEIGHT(269)=1.6€-01,
WEIGHT(335)=2.9€-01,
VEIGHT(377)=3.6E-02,
WEIGHT(408)=8.4E~04,
WEIGHT(533)=1,5E-06,
WEIGHT(491)=5.0€-07,
WEIGHT(493)x5 . 1E-04,
fmur(&%)-b.se-o‘,

FOR MEAN FREE PATH)
IPRNT=0,

X=100.8, (19299, 5, T(2)0.794, SLTH=559. 84, Y279, 92,

ICONC=1, SFACT=1.,

DUHITI1 OPTION =1,

NPSI=15, NTHETA=19, DELR=2.,

WEIGHT(055)=6.5E-01,
WEIGHT(102)=2.2€-04,
WEIGHT(172)=6.8€-02,
WEIGHT(270)=3.9€-02,
TE-01,

WEIGHT(336)=2
WEIGNT (388)=2.5E+00,
WEIGNT(415)=1.1E-01,
IEIGHT(SBO)-‘I.SE-M
WEIGHT(526)=1.5E-06,
ElGHT(‘%)-Z.?E-O‘
WEIGHT (498)=5.0€-07,
SOURCE 2 0.85
1 STEEL 9

WEIGHT(082)=7.5E+00

MEIGHT(141)=1.6E-03,
WEIGHT (206)=3. 0€-03,
WEIGHT(319)=1.2€-02,
WEIGHT(376)=3.6€-02,
WEIGHT (403)=1.2€-01,

WEIGNT(418)=4 . 5E -
WEIGHT(520)=1.9E-
WEIGHT (492)=2.2E -
WEIGNT (495)=2.0E~
WEIGHT (499)=4 . 9€-

7.85
TANK SOURCE DOSE AT ONE METER - SIDE
LINPUT NEXT=4, OPTION=0, X=200.,
TANK SOURCE DOSE AT TWO METERS - SIDE
RINPUT NEXT=4, X=300., &
TANK SOURCE DOSE AT SIX METERS - SIDE
LINPUT NEXT=4,X=700., &

02
06,
04,
02
-07

WEIGHT (0847 .5E+00,
WEIGHT(170)=6.8E-02,
WEIGHT(269)=1.6E-01,
WEIGHT(335)=2.9€-01,
WEIGHT(377)=3.6€-02,
WEIGHT(408)=8.4E-04,
+ WEIGHT (533)=1.5E-06

WEIGHT(491)#5.0E-07,

WEIGHT (493)=5. 1€ -04
+ WEIGHT (496)4.3€-04
&
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TANK SOURCE DOSE AT CONTACT - END - (CHECK FOR MEAN FREE PATH)
&INPUT NEXT=1, 1GEOM=7, NSHLD=2, JBUF=2,
Xu561.2, T(1)=559.84, T(2)=0.794, SLTH=99.5,

ICONC=1, SFACT=1.,
NTHETA=19, DELR=2.

WEIGHT(055)=6.5E-01,
WEIGHT( 102)=2.2E-04,
WEIGHT(172)=6.8€-02,
VEIGHT(270)=3.9€-02,
VEIGHT(336)=2.7E-01,

WEIGHT(388)=2.5E+00

b

WEIGHT(415)=1,1E-01,

WEIGHT(530)=1.5E-06,

WEIGHT(526)=1.5E-06,

WEIGHT (494 )=2. TE- 04,

WEIGHT(498)=5.0E-07,
0.85

SOURCE 2
1 STEEL 9

DUNIT=1, OPTION =1,

VEIGHT(082)=7.5E+00,
WEIGHT(141)=1.6E-03,
WEIGHT(206)=3.0€-03,
VEIGHT(319)=1.2€-02,
WEIGHT(376)=3.6€-02,
WEIGHT(403)=1.26-01,
WEIGHT(418)=4 .5E-02,
WEIGHT(520)=1.9€-06,
WEIGHT(492)=2.2E-04,
VEIGHT (495)=2.06-02,

IPRNT=0,

WEIGHT(499)=4 .9€-07, &

7.85

TANK SOURCE DOSE AT OME METER - EID
LINPUT NEXT=4, OPTION=0, X=660., &

TANK SOURCE DOSE
LINPUT NEXT=4,

AT TWO METERS - END
X=760., &

TANK SOURCE DOSE AT SIX METERS - END
&KINPUT NEXT=4,X=1160., &
DATS ALL PHOLQUESEHEI!I!IY

&INPUT NEXT=S, &

Input File (D:\ISOSHLD\INPUT\G_PLANT.) is shown below:

0 2 B-PLANT ORGANIC MWASTE SOURCE TERM
POINT SOURCE DOSE AT ONE MEVER

RINPUT NEXT=1,
x=100.,

IGEOM=3, NSNLD=1, JBUF=1,
T(1)=0.02, DUNIT=1, OPTION =1,

ICONC=0, SFACT=17.413,

WEIGHT(055)=6.5E-01,
VEIGHT(102)=2.26-04,
WEIGHT(172)=6.8E-02,
WEIGHT(270)=3.9€-02,
WEIGHT(336)=2.7E-01,
WEIGHT(388)w2.5E+00,
WEIGHT(415)=1.1E-01,
WEIGHT(530)=1.5E-06,
WEIGHT(526)=1.5E-06,
WEIGHT (49 )=2. TE- 04,
EIGHT“%);S.OE-W,

1 SOURCE 9 1.,

TANK SOURCE DOSE AT CONTACT - SIDE - (CHECK

WEIGNT(082)=7.5E+00,
WEIGHT(141)=1.6E-03,
WEIGHT(206)=3.0€-03,
WEIGHT(319)=1.2€-02,
WEIGHT(376)=3 ,6€-02,
WEIGHT(403)=1.2€-01,
WEIGHT(418)=4 .5E-02,
WEIGHT(520)=1.9€-06,
VEIGHT(492)52.2E-04,
WEIGHT(495)=2.0€-02,

IPRNT=0,

WEIGHT(499)=4.9E-07, &

&INPUT NEXT=1, IGEOM=7, NSHLD=2, JBUF=2,
X=100.8, T(1)=99.5, T(2)=0.794, SLTH=559.84, Y=279.92,

1CONC=1,
NPSI=15, NTHETA=19,

WEIGHT(055)=6.5E-01,
WEIGHT(102)=2.2€-04,
WEIGHT(172)=6.86-02,
WEIGHT(270)=3.9€-02,
WEIGKT(336)=2.7E-01,
WEIGHT (388)=2.5E+00,
MEIGHT(415)=1.1E-01,
\EIGNT(BO)-LSE-g,

WEIGHT(526)=1
VEIGHT (494)=2.7E-04,
WEIGHT(498)=5.0E- 07

SFACT=1., DUNIT=1, OPTION =1,

DELR=2.,

WEIGHT(082)=7.5E+00,
WEIGHT(141)=1.6E-03,
WEIGHT(206)=3,0€-03,
WEIGHT(319)=1.2€-02,
WEIGHT(376)=3.66-02,
WEIGHT(403)=1.2€-01,
WEIGHT (418)=4.5E-02,
WEIGHT(520)=1.9€-06,
WEIGHT(492)=2. 2604,
WEIGHT (495)=2.0E-02,

FOR MEAN FREE PATH)
IPRNT=0,

WEIGHT(499)=4.9E-07, &

7.85

TANK SOURCE DOSE AT ONE METER - SIDE
LINPUT NEXT=4, OPTION=0, X=200., &
TANK SOURCE DOSE AT TWO IETERS - SIDE

LINPUT NEXT=4, X2300., &
TANK SOURCE DOSE AT SIX METERS - SIDE
LINPUT NEXT=4,X=700., &

TANK SOURCE DOSE AT CONTACT - END - (CHECK FOR MEAN FREE PATH)

&INPUT NEXT=1,

1GEOM=7, NSHLD=2, JBUF=2,

IPRNT=0,

X=561.2, T(1)=559.84, T(2)=0.79%, SLTN=99.5,

B4-9

WEIGHT(084)=7.5E+00,
WEIGHT(170)=6.8£-02,
WEIGHT(269)=1.6€-01,
WEIGHT(335)=2.9€-01,
WEIGHT(377)=3.6E-02,
WEIGHT(408)=8.4E-04,
WEIGHT(533)=1.5E-06,
WEIGHT(491)=5.0€-07,
WEIGHT(493)=5.1E-04,
WEIGUT (496)=4 .3E-04,

VEIGHT (084 )=7,56+00,
VEIGHT(170)=6.86-02,
WEIGHT(269)=1.6E-01,
VEIGHT(335)=2.9€-01,
WEIGHT(377)=3.6E-02,
WEIGHT(408)=8.4E-04,
WEIGHT(533)=1,5E-06,
WEIGHT(491)=5.0E-07,
WEIGHT(493)=5_1E-04,
WEIGHT(496)34.3E-04,

WEIGHT (084)=7,5E+00,
WEIGHT(170)=6.86-02,
VEIGHT(269)=1.6€-01,
VEIGHT(335)=2.9€-01,
WEIGHT(377)=3.6€-02,
WEIGHT(408)=8.4E-04,
WEIGHT(533)=1.5E-06,
WEIGHT (491)=5.0E-07,
WEIGHT(493)x5. 1E-04,
WEIGHT (496 )4 .36-04,
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1CONC=1, SFACT=1.,
NTHETA=19, DELR=2.,
WEIGHT (055)6.5E-01,
WEIGHT(102)=2.2E-04,
WEIGHT(172)6.8€-02,
WEIGHT(270)»3.9€-02,
WEIGNT(336)=2.7E-01,
WEIGHT(388)=2.5E+00,
WEIGHT(415)=1.1E-01,
WEIGHT(530)=1.5E-06,
VEIGHT(526)=1.5E-06,
VEIGHT(494)2. TE-04,
uemnrun)-s.oe-w,
CE 2 0.85

WHC-SD-TP-SEP-050

DUNIT=1, OPTION =1,

WEIGHT(082)s7.56+00,
WEIGHT(141)51.6€-03,
WEIGHT(206)=3.0E-03,
VEIGHT(319)=1.26-02,
VEIGHT(376)=3.6€-02,
WEIGHT(403)=1.2€-01,
VEIGHT(418)=4.5E-02,
VEIGHT(520)=1.9€-06,
WEIGHT(492)=2. 2604,
WEIGHT(495)=2.0E-02,

WEIGHT(084)=7.56+00,
WEIGHT(170)%6.86-02,
WEIGHT(269)=1.6E-01,
WEIGHT(335)=2.9€-01,
WEIGHT(377)=3.6€-02,
WEIGHT(408)28.4E-04,
WEIGHT(533)=1.5E-06,
WEIGHT(491)=5.0E-07,
WEIGHT(493)s5. 1E-04,
WEIGHT (496 )4 .3E-04,

WEIGHT(499)~4 .9€-07, &

1 STEEL 9 7.85

TANK SOURCE DOSE AT ONE METER - EW

llIPU'I' NEXT=4, OPTION=D, X=640., &
ANK SOURCE DOSE AT TWO METERS - END

&lIIPUT NEXT=4, X=760., &

TANK SOURCE DOSE AT SIX METERS - ENO

LINPUT NEXT=4,X=1160., &

DATS ALL PHOLQUES! 11Tt

LINPUT NEXT®S, &
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5.0 CRITICALITY

The degnitmn [ fissug materiah in 49 CFR 173.401 1ists the following
isotopes: Pu, and The plutonium isotope i% ntory
}3% be shipped 1s taken from Table B2-1. However, the activities of <°U and

U are below the cutoff level used in the development of the source as
discussed in Part B, Section 2.0, and are therefore not reported in that
section. The activities of these two isotopes shown in Table B5-1 are
therefore developed using the same methodology as discussed in Part B,
Section 2.0. The masses of all of the radionuclides listed in Table B5-1 are
found by multiplying the activities by the specific activities as taken from
Nuclear Criticality Safety in Operations with Fissionable Material Outside
Reactors (ANSI/ANS 1983). The resulting total fissile isotope mass in the
shipment is less than 15 g (0.21 oz). Therefore, the shipment is fissile
excepted, and criticality safety is not an issue.

Table B5-1. Masses of Fissile Isotopes.

Isotope Specific activity| Total activity Total mass
(Ci/9) (ci) (9)

=y 9.64 E-03 2.05 E-05 2.13 E-03
By 1.92 E-06 1.26 E-06 6.56 E-01
-8py 1.71 E+01 3.81 E-03 2.23 E-04
B9y 6.20 E-02 8.79 E-03 1.42 E-01
#1py 1.03 E+02 3.55 E-01 3.45 E-03
Total 8.04 E-01

6.1 REFERENCES

49 CFR 173.401, 1994, "Shippers--General Requirements for Shipments and
Packagings," .401, "Scope,” Code of Federal Regulations, as amended.

ANSI/ANS, 1983, Nuclear Criticality Safety in Operations With Fissionable

Material 0utside Reactors, ANSI/ANS 8.1- 1983 American National Standards
Institute, New York, New York.
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6.0 STRUCTURAL EVALUATION

6.1 INTRODUCTION

This evaluation determines the structural adequacy of the B Plant organic
tank.
6.2 STRUCTURAL EVALUATION OF PACKAGE

6.2.1 Structural Design and Features

Specifications for the tank are as described in Part A, Section 2.0.

6.2.2 Mechanical Properties of Materials

The tank heads and shell are certified to have a minimum 206.84-MPa
(30,000-psi) yield strength and a 517.11-MPa (75,000-psi) ultimate tensile
strength.
6.2.3 Chemical and Galvanic Reactions

The tank shell and heads are manufactured from 304 stainless steel. This
material is compatible with the organic waste and is used for many of the
B Plant components that handle this material, including the storage cells.
6.2.4 Size of Package and Cavity

See Part A, Section 2.0.

6.2.5 Weights and Center of Gravity
See Part A, Section 2.4

6.2.6 Tamper-Indicating Feature
Tamper-indicating features will not be required for transportation due to
the short length of the trip and the controlled environment of the Hanford

Site; however, tamper-indicating features may be added at the storage
location.

6.2.7 Positive Closure

The tank has no openings below the surface of the ligquid. Top openings
are either flanged or valved and provide positive closure.

B6-1



WHC-SD-TP-SEP-050 Rev. 0

6.2.8 Lifting and Tiedown Devices
See Part A, Sections 2.9 and 2.10.

6.2.9 Brittle Fracture

The tank is certified for a minimum design temperature of -28.9 °C
(-20 °F).

6.3 NORMAL TRANSFER CONDITIONS

6.3.1 Conditions To Be Evaluated

The tank, in its original configuration, was certified to meet DOT
requirements for offsite shipping of LSA material. No additional structural
evaluations will be performed because the payload weighs less than the
certified payload (lower specific gravity); the payload meets LSA requirements
(see Part B, Section 2.1.2); and the modifications do not affect the
structural integrity of the tank (see Part B, Section 3.4).

It should be noted that to meet these DOT requirements, the tank must be
at least 80% full during transport to prevent load shift and potential
tipping. Since there is a possibility that the tank may be less than 80%
full, speed restrictions are imposed. See Part A, Section 4.3.

6.4 STRUCTURAL EVALUATION AND CONCLUSIONS

It is concluded that the tank meets the requirements for normal and
accident conditions because in its original configuration the tank was
certified to meet DOT requirements for offsite shipping of LSA material, the
B Plant payload weighs less (lower specific gravity) and meets LSA
rﬁquireﬂents, and the modifications do not affect the structural integrity of
the tank.
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7.0 THERMAL EVALUATION

7.1 INTRODUCTION

The purpose of this evaluation is to show that the B Plant organic tank
is not threatened by heat generated by the payload during normal transfer
conditions.
7.2 THERMAL SOURCE SPECIFICATION

The Radcalc program was used to determine thé total heat generation from
all isotopes in the payload (see Part B, Section 8.3). The majority of the

heat is generated by "Sr (0.87 W), and the total payload heat generation is
less than 1 W.

7.3 SUMMARY OF THERMAL PROPERTIES OF MATERIALS
The tank is certified for a maximum temperature of 121 °C (250 °F).

7.4 THERMAL EVALUATION AND CONCLUSIONS

The amount of thermal output from the waste is negligible (less than 1 W
per package). Therefore, the payload will not cause the tank to exceed the
requirements of 49 CFR 173.442, or the maximum certified temperature of the
tank 121 °C (250 °F), and no further thermal evaluation is required.

7.5 REFERENCES

49 CFR 173.442, 1994, "Shippers--General Requirements for Shipments and
Pack;g;ngs,' .442, "Thermal Limitations," Code of Federal Regulations, as
amended.
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8.0 PRESSURE AND GAS EVALUATION

8.1 GAS GENERATION

The purpose of this evaluation is to predict hydrogen gas generation rate
and pressure buildup in the tank. Equilibrium hydrogen concentration with
open filters will also be determined.

8.2 PACKAGE PRESSURE AND FLAMMABLE GAS CONCLUSIONS

The analysis present;? in Section 8.3.1 shows that the hydrogen
generation rate is 43.5 cm’/h. The pressure increase from the hydrogen is also
considered. The analysis presented in Part B, Section 8.3.1, shows that the
pressure would increase by 2.6 kPa, based on an increase in hydrogen
concentration of 2.5%. The actual pressure increase will be much less than
this because the increase in hydrogen concentration is limited to 0.5%.
Because the tank is certified for a gauge pressure of 689 kPa (100 psi), the
pressure increase from hydrogen is not a concern.
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HYDROGEN GENERATION EVALUATIONS

BNGINEERNG SAFETY EVALUATION
Page L of 3
Dase_QG/18N6___

Dus QGBS

Ohjectizsss

w#duﬁﬂhmhlmwﬂhlhn“
Calculations of ths Iynirogen generation raie, the thme te 2.5% K, gas concentration by volume, ad
hﬁny\-h-hhn-q-n.hln-m safaty.

Ralacance:

Grees, 1. R., K. Hillalend, V. E. Rostman, sad J. G. Fleid, 1995, Radcaic for Windows,
leo.w-ﬂu\uu Company, Richland, Washington.

Ramulis 3ad Copchusions:

A 4500 galion B Plact organic task with 23 gallons of m lll!lllm

MWH).MS'MIM‘M.‘IO!M

aaammvunausn.p-mwnumum(ﬂm) mw.-
W. The taak primarily contalas

hydrocarbon, L
straight-chaia hydrocarbon baxans. The values weed will resukt in conservative sedulas.
Eagimsering Evalustion:

The computer cods Radcak: for Windows (Gesen ot ol. 1995) was used 10 calculate the production of
hydrogen gas in a 4600 galioa task. The information supplied for the asalysis foliows:

[[Waste Vobume 4600 gallons

Tol Tank Volume 4623 allon

‘Weste Density 0.85 giec

Waste Marix 70% NPK__ | 20% TBP | 10%0ZEHPA
Radioactive Components Ses Table 1.

‘The following toput perameters weee wsed in the Radeale for Windows computer code:

Waste Volume 174129

Void Volose 0.0671 o®

Waste W 14x10¢g

| Gamens Absorpuion Praction Bashs | LR-56

G-vadee qwama: 5 betx: 5 | aiphe: 20
Radioactive Components Ses Table 1
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ENGINERING SAFETY EVALUATION

mmmmummmﬁmmquthmm
which are calculated for the LR-56. Therefore, the LR-56 container was used 1o model the tank
because the B Plant organic tank is not modeled within the code.

The H, G-value is a mecasure of the number of molecules of H, gas formed per 100 ¢V of enargy
absorbed in the waste matrix. G-values are supplied in Radcalc for Windows for a variety of maserial
types. The liquid waste to be shipped in the tank trucks is primarily composed of & straight-chain o
hydrocarboa. , the G-values for the straight-chain hydrocarbon hexans were used. These
are S for beta and ganuna, and 20 for alpha. The G-values are extremely high and will recult in
conservative values for the material being shipped.

The above parameters were input iato Radcalc for Windows which calculated the samber of days to
2.5% hydrogen gas concentration by volume to be 2.14 days (51 hours). A copy of the Radcale

tput file is hed. The inties in this analysis are represented primarily by the
unwumyofdnﬂ-vﬂudhmmlx The value used is vory conservative and may result in
an over estimation of the quantity of hydrogen gas produced.
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' ENGINEERING SAFETY EVALUATION ’
Subje 7. = at Organi D Page 3 of 3
Originator _L, R, Grex N P o ta Date_06/18/96
Checkes : Due_0G/1896
Table 1. B Plaat Organic Wasts Source Term.
Isotope Total Activity Iotope Total Activity
(Ch) ()]

ugy 1.13 E+01 gy 1.46 B2

*Sr 130 B+02 Mpy 1.98 B+00

wy 130B+02 | “Bu 7.82 B01

7z 3.84 E-03 eapy 2.65 EGS

ot 3 2.83 E02 a1 2.65 B-0S

Ry L18E+00 | =vu 3.38 B0S

Ry L18B+00 | =U 8.71 B-06

ttacy 529 B0 oy 2.65 B-0S

gh 280E+00 | ™ 3.81 E-03

1zieTe 6.83 B01 topy 8.79 03

™Cy 2.10 E-01 wopy 4,65 B-03

) 498E+00 | 2pu 3.55 E-01

mp, 471E+00 | *am 7.42 B03

wCe 6.26 B-01 sampm 8.64 E06

wapy 6.26 E01 ®Am 8.59 B06

wampy 7.52 B03 Total | 3378402

“pm 4.39 B+01 Total Beta 332 B+02

mgym 2.01 B+00 | Total Alpha 247E02
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Heat Ganerated: 0.974 Watts
2.60 kPa
104. kPa
Yen
:° {fxom unity fraction 340.50)
LSA Determimation: ¥o (from LSA unity fracties 1.8271)
ERC Quantity Determimatioa: »o
Fissile Quantity: 8.14540 ¢
15g risaile onualides er Less: Yes

(rissile Excepted par 49CFR173.453(a})
M¥ote: Transportation classificaticns sssums three sigunificant figures.

Bulk Deasity: 0.850 g/cc

Source dec to start of seal time:
Radionuclide: Curi
Xx-8S 1.13%e+001
az-90 1.300+002
¥-90 1.30e+002
£x-93 3.84e-003
Te-29 3. -002
Ru-~106 1. +000
Rh-106 1.180+000
cd-113m 5.2%e-002
h-138 2.00e+000
Ta-125m §.83e-001
Cs-134 2.10e-001
Cs-137 4.980+000
Ba-137m 4.71e+000
Co-144 €.26e-001
rr-144 $.26e-001
Pr-lédm 7.52a-003 :
m-147 4.39e¢001
Sa-151 2.01e4+000
Bu-1%2 1.46e-002
Bu-154
Bu-15§
Th-234
Pa-234m
U-234
v-237 . $.71e-006
U-238 2.65¢-005
Pu-238 3.01e-003
Pu-239 $.7%e-003
Pu-240 4.65e-003
r-241 3.55e-001
Am-241 7.430-003
Am-242 8.5%e-006
Am-242m 8.640~008

Source dacaysd to end of ssal time:
Radionuclide: Curies:

Xr-88 1.13e+001
8c-90 1.30e+002
X-30 1.30e+002
3r-93 3.840-003
Mo-93m 1.0%e-006
Tc-99 1.83e-002
Ru-106 1.18e+000
Xh-106 1.18e+000
C4-113m 5.32%¢-002
h-128 2.0084+000
Te-125a 6.020-001
Ce-134 1.10e-001
Cs-137 4.980+000
Ba-137a 4.71e+000
Ce-144 6.23a-001 *
Pr-144 6.23e-001
Pr-lddn 7.470-003
m-147 4.380+001
Sm-147 1.66e-012
Sm-181 2.01e+000
Bu-~152 1.46e-002
Ru-154 1.98e+000
Ru-15% 7.81e-001
Th-234 2.63a-005
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Radosle for Windows 1.0 Dater 06-15-96 09:51
Performad By: 7=
Checked By: e/Vq@t
Yile: BPLRC.RAD

Input

Souxce from input:
Radionuclide:
Kx-88
Bx-90
Y-30
2r-93

U-237 .71.-00‘
U-239 2.6%5-005
Pu-238 3.31e-003
Pu-239 8.79e-~003
Pu-240 4.650-003
Pu-241 3.55e-001
An-241 7.42e-003
Am-242 4,598-006
Am-242n 0.64-006

Waste Form: Normal
Physical Porm: Liquid
Containex Type: LR-S6

Package Void Volume: 4.71e4004 cc
Waste Volume: 1 +007 oo

Waste Mass: +007 g

Wasta Trus Density: 0. g/ec

Date to begin sourae dscay: 13:00 May. 24, 1996
Date container led: 13100 May. 24, 1996

Days to decay s ae before seal time: 0.00 days
Calculate nurber of days sealed until 2.50% \yd:ogn is reached.

Ratered G Values:
G Alpha @ Beta G Ganma
20 5 s

Comments

4,600 Gnum of waste consisting of:

70! Normal Parafin Rydrocarbom

208 Tributyl Phosphats

108 Di-2 ethylhaxyl phosphoric acid

The majoxity of the nurhl i wll‘ of a

stxaight-chained h ly the G-value for
was used n bounding value.

m=w Caloulated Results

sealed ner will 2.50 % hyd in 2.14 days
This corresponds’to date: 16:00 May. 28, 1996
X2 Volume: 2.230+003 co
W2 Generation Rate: 43.5 cc/bour
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2.65e-003
3.380-005
1.78e-012
2.26e-018
8.71e-006
1.41e-011
2.650-005
3.01e-003
4.79e-003
5.07s-014
4.65-003
8.06e-013
3.55e¢-001
7.42e-003
3.79e-013
8.60a-006
6.42e-008

014

1.5
8.640-006
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9.0 PACKAGE TIEDOWN SYSTEM EVALUATION

9.1 SYSTEM DESIEN

The tank frame shall be attached to the trailer via the four bottom-
corner fittings. The trailer shall be equipped with four twist-lock fittings.
Each twist-lock shall mate with its corresponding bottom-corner fitting and
shall provide a strength that is equivalent to or greater than the strength of
the corner fitting.

9.2 ATTACHMENTS AND RATINGS

The tiedown system has been certified for a maximum gross weight of
30,480 kg (67,200 1b), consisting of the 4,604-kg (10,150-1b) tank assembly
and the 25,876-kg (57,050-1b) original payload.

The payload for this shipment will weigh less than 17,500 kg (38,581 1b).
This weight is based on the conservative assumptions that the payload will
consist of a volume of 17,500 L (4,623 gal) with a specific gravity of 1.
Because this is 8,376 kg (18,469 1b) less than the certified payload weight,
no further analysis is required.
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