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was issued by the Department of Energy (DOE) in June of 1994 that allowed for the 
procedural aspects of NEPA to  be addressed by the CERCLA process for CERCLA 
actions, as long as the substantive aspects of SUEPA are carried out. Consistent with 
the revised policy statement, the Final Path Forward Summary document has fully 
integrated the values of a NEPA Supplemental Analysis (Le., risk and impact analysis 
discussions). The last i tem that must be addressed to  meet the substantive aspects of  
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The conclusions of  the approach outlined in this Final Path Forward Summary 
document were presented t o  the Fernald stakeholders at  the June 29, 1995, Public 
Meeting held a t  the Plantation in Harrison, Ohio, which focused upon the Operable Unit 
1 and Operable Unit 4 packaging and transportation plans. The Operable Unit 4 
approach was accepted by the stakeholders with no concerns. A copy of the Final 
Path Forward Summary has been placed in the post-Record of Decision files a t  the 
Public Environmental Information Center and made available to  the public. 
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Attached is a copy of the Final Path Forward Summary to allow you the freedom to 
distribute information provided in the report to the Nevada stakeholders as you 
determine appropriate. Based on the incorporation of NEPA values into the Final Path 
Forward Summary and the efforts to involve Fernald and Nevada stakeholders in this 
process, it is the position of the Department of Energy, Fernald Area Office (DOE-FN) 
that NEPA Compliance has been fully addressed for this matter. 

If you have any questions or require further assistance on this matter, please contact 
Randi Allen at  (51 3) 648-31 02 or Ed Skintik at (51 3) 648-31 51, _ .  

irector 

Attachment: As Stated 

cc wlo att: 

S. Smiley, DOE-OH 
N. Akgunduz, DOE-FN 
R. Allen, DOE-FN 
T. Hagen, FERMCO 
D. Ofte, FERMCO 
E. Woods, FERMCO 
M. Yates, FERMCO 
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Restoration Management Corporation P.0. BOX 398704 Cincinnati, Ohio 45239-8704 (513) 738-6200 

October 10, 1995 

Fernal d Environmental Management Project 
Let ter  No. C:CRUP(CRU4):95-0051 

. ~ .  . ~ 
- . -~ ~ -. . ~ - -  . . . - .. ~ . -. 

Ms. Randi B.  Allen, O U 4  Team Leader 
Department of Energy 
Fernald Area Office 
P. 0. Box 538705 
Cincinnati, Ohic 4.5253-8705 

Dear Ms. Allen: 

CONTRACT DE-AC24-920R21972, OPERABLE UNIT 4 FINAL PATH FORWARD SUMMARY REPORT ON 
THE CONTAINERIZATION, TRANSPORTATION AND DISPOSAL OF THE VITRIFIED K-65 AND SILO 
3 RESIDUES 

Enclosed are  five (5) copies each of the Operable U n i t  4 Final Path Forward 
Summary Report on the Containerization, Transportation and Disposal of the K-65 
and S i l o  3 Residues, October 1995 and comment response document. This document 
has been revised based on regulations for  the shipment of radioactive material 
recently promulgated by the  Department of Transportation in the September 28, 
1995, Federal Register (60 FR 50292). In addition, this document has been 
revised t o  incorporate a l l  U.S. Department of Energy - Fernald Field Office (DOE- 
FN) and U.S. Department of Energy - Headquarters (DOE-HQ) comments received on 
the  d r a f t  document. 

\ 

In support of the Operable U n i t  4 remedial design e f fo r t  being performed under 
CERCLA, the Final P a t h  Forward Summary Report presents the outcome of a waste 
container and triinsportation study conducted t o  fur ther  r e f ine  the analysis 
performed by the Operable U n i t  4 Feasi bi l  i t y  Study/Proposed P1 an-Environmental 
Impact Study (FS/PP-EIS). Eased upon information presented i n  this report ,  the 
shipment o f  the containerized Operable Unit 4 v i t r i f i ed  waste t o  the Nevada Test 
S i t e  (NTS) via exclusive-use truck shipments i s  preferred over the intermodal 
( r a i l / t ruck )  shipments evaluated i n  the FS/PP-EIS. 

The Operable U n i t  4 FS/PP-EIS provided a detailed evaluation o f  only intermodal 
shipments. .4 change from the preferred alternative evaluated i n  an EIS typically 
requires a Supplemental Analysis pursuant t o  the National Environmental 
Protection Act (NEPA). In this case the Supplemental Analysis should evaluate 
potent ia l  r i sks  t o  human health and the environment associated w i t h  the ”truck 
only” shipments. A revised policy statement was issued by DOE i n  June of 1994 
t h a t  allowed for the procedural aspects of NEPA t o  be addressed by the CERCLA 
process fo r  CERCLA actions,  a s  long as the substantive aspects of NEPA are  
car r ied  o u t .  Consistent with the revised policy statement, the Final Path 
Forward Summary document has f u l l y  integrated the values of a NEPA Supplemental 
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Analysis ( i .e. ,  risk and impact analysis discussions). The l a s t  item t h a t  must 
be addressed to  meet the  substantive aspects of NEPA i s  the not i f ica t ion  of the  
appropriate stakeholders. * 

The conclusions of the approach outlined in this Fina l  Path Forward Summary 
document were presented t o  the Fernald stakeholders a t  the June 29, 1995, Public 
Meeting held a t  the Plantation, which focused upon the Operable Unit 1 and 
Operable U n i t  4 packaging and transportation plans. The Operable U n i t  4 approach 
was accepted by the stakeholders with no concerns. A copy of the Final Path 
Forward Summary has been placed i n  the post-Record of Decision f i l e s  a t  the 
Pub1 i c  Environmental Information Center and made available f o r  p u b l i c  interest .  

The only outstanding issue remaining i s  informing the stakeholders in Nevada. 
Consistent with our previous discussions, please find enclosed two recommended 
l e t t e r s  for  transmittal of t h i s  report t o  DOE-HQ and the NEPA Compliance Officer 
a t  the Nevada Test S i te .  The enclosed l e t t e r s  provide information of our public 
involvement ac t iv i t i e s  on t h i s  matter and give DOE-Nevada Operations Office the 
freedom to  d is t r ibu te  information provided in the report t o  their  stakeholders 
however they determine appropriate. Based on the incorporation of NEPA values 
i n t o  the Fina l  Path Forward Summary and the e f f w t s  to  involve Fernald and Nevada 
stakeholders i n  t h i s  process, i t  is  our position tha t  NEPA Compliance has been 
ful ly  addressed for  this matter. 

If you have any questions on this matter, please contact J e f f  Stone a t  648-4803. 

WE!gi?J7 Acting CRU4 

/ 
MLD:TJS: sl k 
Enclosures 
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C: w/Encl o su re  

N .  K. Akgunduz, DOE-FN 
R.  B. Allen, DOE-FN (5 copies)  
D. J. Car r  
J. T.  C u r t i s  
R .  T. Fellman 
R. H.  F ros t  
K. M. Graham 
T. D. Hagen 
B. K.  Hampton 
3. R. Hoopes 
R.  V.  Holmes 
S .  M .  Houser 
D. A. Nixon 
File Record S torage  Copy 102.1 

-IC: w/o Enclosures 

L .  E. Parsons, DOE Contract S p e c i a l i s t  

. . _ _  . . ... . ~ 

0. L .  Rayer 
J .  W .  Re is ing ,  DOE-FN 
J .  G. Rowe 
E .  P. S k i n t i k ,  DOE-FN 
M. C.  S k r i b a  
3. L. Smets 
M .  L .  Smith 
K .  A. Solomon 
T.  J. Stone  
N. S. Weatherup 
M. L.  West 
S. H.  Wolinsky 
W. E. Woods 
M. K. Yates 



DRAFT LETTER 

FROM : Jack Craig, DOE-FN 

TO: Sharon Fauver , En-424 

SUBJECT: Change in Fernald Operable U n i t  4 Transportation Modes 

In support of the Fernald Operable U n i t  4 remedial design e f fo r t  being performed 
under CERCLA, the attached Final  Path Forward Summary Report presents the outcome 
of a waste container and transportation study conducted t o  fur ther  ref ine the 
analysis performed by the Operable Unit 4 Feasi bi 1 i t y  Study/Proposed P1 an- 
Environmental Impact Study (FS/PP-EIS) . Based upon information presented i n  t h i s  
report, the shipment of the containerized Operable Unit 4 v i t r i f i e d  waste t o  the 
Nevada Test S i t e  (NTS) via exclusive-use truck shipments i s  preferred over the 
intermodal ( ra i l / t ruck)  shipments evaluated in the FS/PP-EIS. 

The Operable Unit 4 FS/PP-EIS provided a detailed evaluation of only intermodal 
shipments. A change from the preferred al ternat ive evaluated i n  an EIS typically 
requires a Supplemental Analysis pursuant t o  the National Environmental 
Protection Act (NEPA). In th i s  case, the Supplemental Analysis should evaluate 
potential risks t o  human health and the environment associated w i t h  the "truck 
only" shipments. A revised policy statement was issued by DOE i n  June of 1994 
that  allowed fo r  the procedural aspects of NEPA t o  be addressed by the CERCLA 
process f o r  CERCLA actions, as long as the substantive aspects of NEPA are 
carried o u t .  Consistent with the revised policy statement, the Final P a t h  
Forward Summary document has ful ly  integrated the values of a NEPA Supplemental 
Analysis ( i .e . ,  r i sk  and impact analysis discussions). The l a s t  item tha t  must 
be addressed t o  meet the substantive aspects of NEPA i s  the not i f icat ion o f  the 
appropriate stakeholders. 

The conclusions of the approach outlined in this Final Path Forward Summary 
document were presented t o  the Fernald stakeholders a t  the June 29, 1995, Public 
Meeting held a t  the .Plantation, which focused upon the Operable Unit 1 and 
Operable Unit 4 packaging and transportation plans. The Operable U n i t  4 approach 
was accepted by the stakeholders w i t h  no concerns. A copy of the Final Path 
Forward Summary has been placed in the post-Record of Decision f i l e s  a t  the 
Pub1 i c  Environmental Information Center and made a v a i l a b l e  t o  the pub1 i c .  

The issue tha t  remains t o  be addressed is informing the stakeholders i n  Nevada. 
A l e t t e r ,  transmitting this report, has been sent t o  the NEPA Compliance Officer 
a t  DOE'S Nevada Operations Office. The subject l e t t e r  provides information of 
our public involvement ac t iv i t ies  on this matter and gives them the freedom to  
d is t r ibu te  information provided in the report  t o  the Nevada stakeholders however 
they determine appropriate. Based on the incorporation of NEPA values into the 
Final P a t h  Forward Summary and the e f fo r t s  t o  involve Fernald and Nevada 
stakeholders in t h i s  process, i t  i s  our position that  NEPA Compliance has been 
fu l ly  addressed for  t h i s  matter. 



I f  you have any questions on this matter, please contact Randi Allen a t  648-3102 
or Ed Skintik at 648-3151. 

sincerely, 

Jack Craig, Manager 
Fernald Site Office 

~ . .  ~~ .. .. - . - . -. _ _  . . .. - . - .. . . . ~ .  . ~. - . 

c: N. Akgunduz, DOE-FN 
R. B. Allen, DOE-FN 
T. D .  Hagen, FERMCO 
E. P. Skintik, DOE-FN 
D. Ofte, FERMCO 
E. Woods, FERMCO 
M .  K. Yates, FERMCO 



DRAFT LEnER 

FROH: Jack Craig, DOE-HQ 

TO: Donald R. Elle, NEPA Compliance Officer, DOE-NVO . 

SUBJECT: Change i n  Fernald Operable Un i t  4 Transportation Modes 

In support of the Fernald Operable Unit 4 remedial design e f f o r t  being performed 
under CERCLA, the attached Final Path Forward Summary Report presents the outcome 
of a waste container and transportation study conducted t o  fur ther  refine the 
analysi s performed by the Operable U n i t  4 Feasi bi 1 i t y  Study/Proposed P1 an- 
Environmental Impact Study (FS/PP-EIS). Based upon information presented i n  t h i s  
report ,  the shipment of the containerized Operable U n i t  4 v i t r i f i e d  waste to  the 
Nevada Test S i t e  (NTS) via exclusive-use truck shipments is preferred over the 
intermodal ( ra i l / t ruck)  shipments evaluated in the FS/PP-EIS. 

. 

The Operable Unit 4 FS/PP-EIS, which was distributed t o  stakeholders i n  Nevada, 
provided a detailed evaluation of only intermodal shipments ( i  .e., ra i l / t ruck) .  
A change from the preferred alternative evaluated in an EIS typica l ly  requires 
a Supplemental Analysis pursuant  t o  the National Environmental Protection Act 
(NEPA) .  In this case, the Supplemental Analysis should evaluate potential risks 
to  human health and the environment associated with the "truck only" shipments. 
A revised policy statement was issued by DOE in June of 1994 t ha t  allowed for the 
procedural aspects of NEPA t o  be addressed by the CERCLA process fo r  CERCLA 
actions, as long as the substantive aspects of NEPA are carried o u t .  Consistent 
w i t h  the revised policy statement, the Final Path Forward Summary document has 
fu l ly  integrated the values of a NEPA Supplemental Analysis ( i . e . ,  r isk and 
impact analysis discussions). The l a s t  item that  must be addressed t o  meet the 
substantive aspects of NEPA i s  the notification of  the appropriate stakeholders. 

The conclusions of the approach outlined in this Final Path Forward Summary 
document were presented t o  the Fernald stakeholders a t  the June 29, 1995, Public 
Meeting he ld  a t  the Plantation, which focused upon the Operable U n i t  1 and 
Operable Unit 4 packaging and transportation plans. The Operable U n i t  4 approach 
was accepted by the stakeholders w i t h  no concerns. A copy of the Final Path 
Forward Summary has been placed i n  the post-Record of Decision f i l e s  a t  the 
Public Environmental Information Center and made available t o  the public. 

We have attached a copy of the Final Path Forward Summary t o  allow you the 
freedom t o  distribute information provided in the report  t o  the Nevada 
stakeholders as you determine appropriate. Based on the incorporation of NEPA 
values in to  the Final Path Forward Summary and the e f fo r t s  t o  involve Fernald and 
Nevada stakeholders in this process, i t - i s  DOE-FN's position tha t  NEPA Compliance 
has been f u l l y  addressed for this matter. 

. 



If you have any questions on t h i s  matter, please contact Randi A l len  a t  648-3102 
o r  Ed S k i n t i k  a t  648-3151. 

. 

S i  ncerel y , 

Jack Craig, Manager 
Fernald S i t e  Of f ice  

_. - - - - -  _ _  _ -  

c: N. Akgunduz, DOE-FN 
R. B. Allen, DOE-FN 
T. D. Hagen, FERMCO 
E. P. Sk int ik ,  DOE-FN 
D. Of te ,  FERMCO 
E. Woods, FERMCO 
M. K. Yates, FERMCO 

.. 
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RESPONSE TO DOE-FN C-OMMENTS ON 
PATH FORWARD SUMMARY REPORT 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.1.1.1 Page #: 2-2 Line #: 43 Code: 
Original Comment #:. 1 
Comment: This document does not address why the vitrified OU4 material meets the 

second criteria for Low Specific Activity (LSA) material, "unirradiated 
natural ... uranium", (49 CFR 173.403(n)). This sentence states that the OU4 
material fails the second criteria because it "was not irradiated in a nuclear 
reactor" which seems to meet the LSA definition. This sentence also seems t o  
contradict line 22 on page 2-5 which states that "silo material consists of 
natural uranium...". Provide a better explanation for why OU4 material is not 
considered LSA material. 
The second criterion for LSA material under the proposed regulations applies t o  
uranium and thorium that is contained in nuclear reactor fuel elements. The 
OU4 silo material does not meet the intent of this criterion since it is neither 
nuclear reactor process material nor is it intended to be processed in a nuclear 
reactor. 
Clarifying language has been added to  Section 2.1 .l. 1 to  indicate that OU4 silo 
material does not meet the intent of the second criterion for LSA material under 
the current regulations. 

Response: 

Action: 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.1.2.1 Page #: 2-5 Line #: 24 Code: 
Original Comment #: 2 
Comment: This statement needs to  be rewritten to clearly state that the OU4 vitrified 

material is exempt from the requirements of 4 9  CFR 173.451 through 173.459. 
The present statement seems t o  contradict the sentence preceding it. 

Due to recent promulgation of new DOT regulations, this language has been 
deleted since it will not be applicable to packaging and shipping of OU4 vitrified 
material. 

Response: Agreed. 
Action: 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.1.2.2 Page #: 2-6 Line #: 1 Code: 
Original Comment #: 3 
Comment: This sentence provides the payload capacity of the "proposed customized 

container", but does not reference the location in the document where the 
custom container specifications can be found. 
Container design is discussed in Section 3.6 
A reference to Section 3.6 has been added for clarification. 

Response: 
Action: 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.2.2 Page #: 2-8 Line #: 7 Code: 
Original Comment #: 4 
Comment: What would be the ramifications (ex., shipping and disposal costs) i f  DOT does 

not incorporate the IAEA regulatory language into the proposed regulations? 
The limited quantity scenario should be presented in this document even though 
it is believed that the proposed regulations will be revised to  IAEA limits. 



Response: Recent promulgation of new DOT regulations have made DOT shipping 
requirements more consistent with IAEA regulations, including LSA packaging 
limits. For LSA material packaged in a strong tight container, the DOT has kept 
a limit per package equal to  the A, quantity for the material. However, since 
OU4 vitrified material will not be packaged in a strong tight container, the A, 
quantity limit per package will not apply. 
Language in this section has been revised t o  discuss the newly promulgated 
regulations and their impact on packaging and shipping OU4 vitrified material. 

Action: 

I 

Commenting 0 rg a nizat ion: DO E-FN Commentor: D. Rast 

Original Comment #: 5 
Comment: 

- __ Section #: 2.3 Page #: - 2-1 1.. Line #: . 28.- Code:- -- ~- _ _  - - 

What other overpack containers were evaluated and why was a concrete box 
determined t o  be superior to  them? Provide alternative ways that the 3 gallon 
containers could be consolidated for shipping. 
The investigation was constrained to those containers that are presently 
commercially available or to  those that could be readily and economically 
fabricated and certified as a Type A container. 

Concrete containers are commercially available, relatively inexpensive to 
fabricate (approximately $3,00O/container for a large order), provide the 
necessary structural stability (reinforced with rebar), and provide the requisite 
shielding needed t o  transport the vitrified K-65 materials t o  the NTS (5" of wall 
thickness reduces the contact dose rate to  = 100 mrem/h) 

Response: 

Stainless steel and carbon steel containers were also evaluated but are not 
presently being manufactured with the requisite wall thickness (1.5") that 
would provide the same shielding as concrete (1.5" of steel = 5" of concrete 
for the K-65 source term). Typical wall thickness for available stainless steel 
or carbon steel containers ranged anywhere from 1 /16" to  1 /4". Dose rates 
calculated at contact with such a container were = 515 mrem/h. The NTS 
WAC limits contact dose rates on waste containers to  200 mrem/h. However, 
the NTS prefers the contact dose rate on waste containers be less than 100 
mrem/h t o  avoid placement of containers in a "High Radioactive Area" per 10 
CFR 0 835. 

.' . 

.-. . 

Three scenarios were investigated for consolidating 3-gallon containers, which 
were in full compliance with the DOT regulations for a Type A shipment. These 
consisted of: 1 ) transportation of palletized 3-gallon containers within a shielded 
shipping van; 2) placing the 3-gallon containers inside a 55-gallon drum and 
filling the void space with concrete shielding, in order t o  reduce external surface 
radiation levels to  < 200 mrem/h a t  contact; and 3) placing 3-gallon containers 
inside a concrete vault overpack. Based on optimization parameters, the 
concrete vault overpack scenario was chosen for consolidating 3-gallon 
containers. 
Information regarding the other scenarios is presented in the Path Forward 
report t o  justify position of using concrete containers opposed t o  stainless steel 
or aluminum containers. 

Action: 



Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.3 Page #: 2-1 1 Line #: 33 Code: 
Original Comment #: 6 
Comment: 

Response: 

Action: 

What was the modeled dose rate on the outer surface of the closed transport 
vehicle without the vitrified material in an overpack? What if white metal boxes 
(WMB) or sea/lands were used as overpacks? This additional information needs 
to  be provided to determine the appropriate level of shielding needed to  meet 
49 CFR 173.441 (b) requirements. 
Modeled contact dose rates to  a Sea/Land container filled to the maximum 
weight limitation with 3-gallon containers containing vitrified K-65 gems in a 
2 2 x 8 ~ 4  matrix (704 3-gallon containers would weigh approximately 38,000 
Ibs) was calculated to be t: 7 1  0 mrem/h. 

Dose rates calculated at contact with a B-25 container loaded with 120  3- 
gallon containers containing K-65 vitrified gems were calculated t o  be = 700 
mrem/h. Dose rates calculated at contact with a 3-gallon container filled with 
K-65 gems were = 360 mrem/h. The NTS WAC limits contact dose rates on 
waste containers to 200 mrem/h. However, the NTS prefers the contact dose 
rate on waste containers be less than 100 mrem/h t o  avoid placement of 
containers in a "High Radioactive Area" per 10 CFR 5 835. 
This information is presented in the Path Forward Summary report. 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.3 Page #: 2-12 Line #: 8 Code: 
Original Comment #: 7 
Comment: Why would WMB or "Squarepaks" be used if the 3 gallon containers could be 

consolidated and shipped directly in Sea/Lands? See comments above for the 
need of additional information regarding this issue. 
As stated in the response t o  Comment #6, Sea/Land containers do not provide 
the requisite shielding to meet the DOT radiation level limits for the vehicle. In 
addition, the Sea/Lands do not have the requisite shielding to meet NTS WAC 
limit for contact dose rates. 
Information has been added t o  the Path Forward Summary report discussing 
radiation levels associated with Sea/Land containers. 

Response: 

Action: 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.4 Page #: 2-1 2 Line #: 12 Code: 
Original Comment #: 8 
Comment: The use of cargo or Sea/Land containers should not be excluded just because 

a "large storage area" would be needed to  manage them. Incorporate additional 
information regarding the use of cargo and Sea/Land containers. 
Sea/Land containers were not excluded due to  the "large storage area" which 
would be required to manage them. Sea/Land containers were required for rail 
shipments as an additional overpack for the concrete vaults. The additional 
costs of a "large storage area" that  would be required to manage vitrified 
radioactive material awaiting transport by rail was one of the drawbacks for 
shipping material by rail. However, other factors were evaluated' for the final 
decision of choosing truck "only" shipments over intermodal shipments. 

Response: 

In addition, Sea/Land containers were not required to  be used by trucking 
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companies. However, Sea/Land containers being used to consolidate 3-gallon 
containers of vitrified radioactive material do not provide the requisite shielding 
t o  meet DOT transport vehicle requirements. 
Information regarding using Sea/Land containers as an overpack for 3-gallon 
containers has been added to the Path Forward Summary report as justification 
t o  why the concrete vault was chosen for shipping 3-gallon containers or 
vitrified radioactive material. 

Action: 

2 1 5  

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.4 Page #: 2-12 Line #: 23 Code: 

Comment: 

Response: 

- __ - - .. _ _  Original-Comment #: 9 - .  

What plans does NTS have for rail access in the future? Provide the possibility 
that NTS will have alternative modes of access t o  the site. 
The NTS is in the process of preparing an Environmental Impact Statement (EIS) 
to evaluate potential environmental impacts associated with future-use 
alternatives at the NTS. However, the  document will not make a decision 
regarding rail access to  the NTS. In addition, DOE-NV recognizes a rail option 
would be a feasible alternative should the  NTS be selected as the sole low level 
radioactive waste disposal site for the DOE complex. A decision on that 
selection is being deferred to the Waste management Programmatic EIS. 
furthermore, should Yucca Mountain build a rail spur into the test site, DOE-NV 
would perform additional evaluations associated with utilization of the spur for 
DOE low level radioactive waste containers. 
Additional information regarding potential rail access to  the NTS was placed in 
the Path Forward report. 

Action: 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.7 Page #: 2-17 Line #: 19 Code: 
Original Comment #: 10 
Comment: Why would a customized container need to meet Type A standards? Currently, 

exclusive use shipments of LSA are exempt from specification packaging and 
can be shipped in strong, tight containers (49 CFR 173.425(b)). Proposed 
shipments of LSA-II would require packaging to meet Industrial Package Type 
2 standards. Provide an explanation for requiring customized containers t o  meet 
Type A specifications. 
Based on the new regulations, the minimum container specifications required 
to be met by OU4 vitrified material are for an IP-2 container. However, a Type 
A container provides an additional level of safety to  the environment and the 
general public during transport. Under the new regulations, a strong tight 
container could only be used for transporting LSA material if the shipment was 
by exclusive use, and if the quantity per package did not exceed the A, limit for 
the material. In addition, Scientific Ecology Group, Inc., the company 
developing the prototype containers for use in Pilot Plant operations, has 
indicated that all IP-2 containers they manufacture will also be certified as Type 
A containers. 

Response: 

Action: No action. 



Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 3.1 Page #: 3-2 Line #: 17 Code: 
Original Comment #: 11 
Comment: Was an estimate for the expense of designing, developing, testing, certifying, 

and procuring customized Type A containers included in the "total costs 
associated with transportation and disposal of vitrified material"? The cost 
information should be included as a separate line item in the total cost of the 
OU4 vitrification project. 
No, the design, development, and testing of customized Type A containers was 
not included in the "total costs". "Total costs" are associated with final full- 
scale remediation efforts. Design, development, and testing of a customized 
container is currently being conducted under a PRDA contract with Scientific 
Ecology Group, Inc. and overseen by Martin-Marietta Energy Systems, Inc. and 
DOE-ORO. The PRDA contract is funded by EM-50 and supported by FERMCO 
under the VPP program. 

Response: 

Action: No Action. 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 3.2 Page #: 3-2 Line #: 38 Code: 
Original Comment #: 12  
Comment: The word "radioactive" should replace "gem" in this sentence. 
Response: Agreed 
Action: The word "gem" has been replaced with the word "radioactive" in this 

sentence. 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 3.2 Page #: 3-3 Line #: 6 Code: 
Original Comment #: 13 
Comment: 

Response: 

Has DOT requested information on the amount of transportation and disposal 
costs savings? 
No, however in the meeting conducted with DOT-HQ and DOE-HQ on May 12, 
1995, the DOT indicated that shipping vitrified material in 3-gallon containers 
overpacked in either concrete vaults or 8-25 metal boxes is too expensive and 
that they wou!d be open t o  looking at an exemption t o  keep costs down as long 
as safety to  the public and the environment during transportation is not 
compromised. 

Action: No action. 

Commenting Organization: DOE-FN Commentor: 0. Rast 
Section #: 3.3 Page #: 3-3 Line #: 7 Code: 
Original Comment #: 14 
Comment: 

Response: 

Action: 

Provide a reference to  the section or appendix in this document that contains 
the appropriate risk analysis. 
Sections 2.5 and 2.6 discuss risk data associated with transport of the vitrified 
material. 
References to Sections 2.5 and 2.6 are provided in Section 3.2 and 3.3 on 
page 3-3. 
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Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 3.6 Page #: 3-6 Line #: 7 Code: 
Original Comment #: 15 
Comment: 
Response: Agreed. 
Action: 

Include the NTS packaging acceptance criteria in this paragraph. 

A reference t o  the appropriate sections in the NTS WAC relating to  packaging 
acceptance at the NTS is provided in Section 3.6 of the Path Forward report. 
NTS approval will have t o  be obtained for the containers since they exceed the 
9,000 pound weight limit and because the external dimensions of the container 
do not meet those specified by the NTS WAC. 

- -  - -  . .  - .. 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 2.3 Page #: 2-10 Line #: 7 Code: 
Original Comment #: 16 
Comment: 

Response: 

Action : 

Silo 3 material does not require advanced packaging of materials. What would 
the cost savingheductions be. in packaging if this material was placed in IP-2 
containers versus advanced packaging? 
Though Silo 3 material does not require the same level of protective shielding 
as K-65 material, it is still uncertain whether Silo 3 material will be mixed with 
K-65 material during the vitrification process. A final decision will be made 
after Pilot Plant operations. Using the same container for both K-65 and Silo 
3 material allows mixing of Silo 3 material with K-65 material during the 
vitrification process, as well as mixing of vitrified Silo 3 material and vitrified 
K-65 material in the same container. Alternative containers will be considered 
for vitrified Silo 3 material if it is determined that Silo 3 material and K-65 silo 
material will neither be blended in the vitrification process nor mixed in the 
same package. 
No action. 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: 3.1 Page #: 3-2 Line #: 3 Code: 
Original Comment #: 17 
Comment: Cost comparison data needs to  be included for the truck vs. intermodal delivery 

of material. Safety concerns around this issue should be addressed in the 
appropriate section. 
Cost comparison data for truck "only" and intermodal transport are presented 
in Section 2.4 while risk data are presented in Sections 2.5 and 2.6. 

Response: 

Action: No action. 

Commenting Organization: DOE-FN Commentor: D. Rast 
Section #: General Page #: Line #: Code: 
Original Comment #: 18 
Comment: The use of Type A is not justified as a cost or an expense in the document. Is 

the plan t o  use a container that meets the Type A criteria or is full certification 
of containers anticipated? What is the additional cost for the certification of 
these containers and is it justifiable? 
Based on the new regulations, the minimum container specifications required 
t o  be met by  OU4 vitrified material are for an IP-2 container. However, a Type 
A container provides an additional level of safety t o  the environment and the 
general public during transport. 

Response: 



. .  

In addition, Scientific Ecology Group, Inc., the  company developing the 
prototype containers for use in VPP operations, has indicated that  all IP-2 
containers they manufacture will also be certified a s  Type A containers. As a 
result no additional costs for Type A certification are anticipated. 

It should be noted that procurement of containers t o  be used for final 
remediation activities will undergo the competitive bidding process, with the 
responsive low-bid contractor being awarded the  contract to provide Fernald 
OU4 with the most cost-effective container that  meets  the project specific 
needs. 

.Action: No action. 
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P 
EXECUTIVE SUMMARY 

The purpose of this Path Forward Summary report is t o  summarize the results of packaging 
studies supporting the Operable Unit 4 (OU4) remedial design and identify and define the 
preferred transportation configuration for off-site shipment and disposal of the treated OU4 
remedial waste a t  the Nevada Test Site (NTS). This Path Forward Summary presents the 
requirements for successfully implementing a packaging and transportation scenario which is 
logistically feasible, cost-effective, and protective of human health and the environment. The 
Final Record of Decision for Remedial Action at Operable Unit 4, December 1994, stated that 
vitrified waste would be shipped t o  the NTS by either intermodal (rail/truck) shipments or by 
truck-only shipments. Based on information provided in this report, truck-only shipments have 
been identified as the preferred mode of transport. Since the OU4 Feasibility Study/Proposed- 
Plan-Environmental Impact Statement (FS/PP-EIS) evaluated in detail only the intermodal 
shipments, a Supplemental Analysis is required to  evaluate and present risk impacts 
associated with truck-only shipments. This report serves as a Supplemental Analysis under 
the National Environmental Policy Act (NEPA) for documenting DOE‘S assessment of any 
potential significant impacts or risk to human health and the environment that result from the 
truck-only transportation mode proposed in this Path Forward Summary report. 

In support of the OU4 remedial design effort, a detailed waste container and transportation 
optimization study was conducted to further refine the assumptions and analysis performed 
by the OU4 FS/PP-EIS. The supporting study identified U.S. Department of Transportation 
(DOT) packaging requirements, promulgated prior t o  September 1 995, regarding quantity 
limitations (per package) for radioactive material. The requirements identified in the study 
have a significant impact upon the logistics, costs, and safety concerns for the transportation 
and disposal method presented in the OU4 FS/PP-EIS. 

The optimization study evaluated various packaging and transportation scenarios for shipping 
radioactive material that would be in full compliance with DOT requirements promulgated prior 
to September 1995, and that would be protective of human health and the environment. The 
study identified an optimized compliant scenario in which vitrified waste would be packaged 
in 3-gallon Type A containers, overpacked for consolidation, and transported by truck t o  the 
NTS. Though in compliance with all pertinent DOT requirements, this scenario presented 
radiological exposure concerns for on-site workers as well as excessive costs. 

Review of proposed DOT shipping requirements for radioactive material proposed in the 
November 14,1989, Federal Register (54 FR 47454) and discussions with DOT-HQ personnel 
led to the identification of a safer, more cost-effective packaging and transportation 
configuration. These regulations were recently promulgated on September 28, 1995 (60 FR 
50292). 

The new regulations, promulgated by the DOT, make U.S. requirements more consistent with 
the requirements established by the International Atomic Energy Agency (IAEA) in their Safety 
Series Number 6 publication, Regulations for the Safe Transport of Radioactive Material. 
Under the new regulations, the OU4 vitrified material would be classified as low specific 
activity-ll (LSA-11) material and shipped in customized containers that would meet DOT design 
requirements. Specifically, the OU4 vitrified material is defined as, “material in which the 
activity is distributed throughout and the estimated average specific activity does not exceed 

10/05/95 ES- 1 



lod AJg' for solids" (60 F R  50292, 49 CFR 5 173.403). The intent of this requirement 
minimizes the potential resultant radiological hazards that can arise following failure of a 
compliant package and dispersal of its contents which may come into human contact after 
a transportation accident. 

The customized containers developed and utilized in accordance with the new regulations 
offer a safe and cost-effective transportation and disposal configuration. The number of 
containers required under the new regulations would be reduced, resulting in a reduction in 
material handling operations, a reduction in the number of shipments required t o  transport the 
material to  the NTS, a reduction in worker exposure concerns, and a reduction in cost. In 
addition, the NEPA Supplemental Analysis conducted for truck-only transport resulted in no 
additional significant risks or impacts being identified due to  the change from intermodal to  
truc k-only . 
Based upon the remedial project schedule demands, this Path Forward Summary/Supplemental 
Analysis recommends that DOE approve shipping OU4 silo material as LSA-II material as 
defined in 60 FR 50292. Shipping the OU4 silo material as LSA-II would not pose an 
increased risk to human health or the environment. 

, 

' The A2 value is the maximum activity , in Curies, of radioactive material, 
other than special form, permitted in a Type A package. A2 values for individual 
radionuclides are listed in 49 CFR § 173.435 or they may be derived in accordance 
with the procedure prescribed in 49 CFR 5 173.433. 
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1 .O INTRODUCTION 

Based on the Final Record of Decision (ROD) for Remedial'Actions at Operable Unit 4 (OU4),  
the selected remedy for the remediation of the Silos 1 ,  2, and 3 residues is treatment of the 
residues by on-site vitrification, followed by the off-site disposal at the Nevada Test Site 
(NTS). Because of the radioisotope content associated with the silo residues, several material 
handling and regulatory issues related to  the packaging and transportation of the vitrified 
material have to be resolved in order to  transport the vitrified waste material t o  the NTS. 

To resolve these issues, Fernald Environmental Restoration Management Corporation 
(FERMCO) tasked Foster-Wheeler Environmental Corporation-to conduct an investigation t o  
determine an optimum packaging and transportation configuration for the vitrified waste 
material that not only would be cost-efficient, and comply with pertinent transportation 
requirements promulgated prior t o  1995, but more importantly, be protective of human health 
and the environment during transportation. Conclusions drawn from the study and 
subsequent activities directly impact final remedial design and remedial action activities. 

- 
- 

The purpose of this report is to summarize the results of previous analyses and packaging 
studies and to  identify the path forward in order to  implement the safest most cost-effective 
transportation configuration for the off-site shipment and disposal of vitrified waste material 
from the remediation of Operable Unit 4 (OU4) of the Fernald Environmental Management 
Project (Fernald). The principal wastes of concern for this study are by-product residues 
contained in Silos 1 and 2, known as K-65, and Silo 3. For purposes 'of waste management 
and proper disposal a t  the NTS, the material is classified as by-product material as defined in 
Section 1 1 (e)(2) of the Atomic Energy Act of 1954. For purposes of proper transportation, 
the material is governed by the U.S. Department of Transportation (DOT) regulations under 
49  CFR Subtitle B Other Regulations Relating to  Transportation, Chapter I, Research and 
Special Programs Administration, Subchapter C, Hazardous Materials Regulations. 

This report has integrated pertinent environmental impacts associated with the transportation 
of OU4 vitrified material and will serve as a Supplemental Analysis under the U.S. Department 
of Energy's (DOE) National Environmental Policy Act (NEPA) regulations and guidance 
documents. This NEPA Supplemental Analysis was conducted in accordance with 10 CFR 
1021, "National Environmental Policy Act, implementing Procedures and Guidelines" t o  
determine whether a Supplemental Environmental Impact Statement (EIS) should be prepared 
in response t o  the change in transportation modes (Le., from combination of railkruck to truck 
only). 

Based on the information presented by Foster-Wheeler in their final report, the optimum 
method for compliance with all pertinent regulations promulgated prior t o  1995 ,for the 
transportation of a single shipment of vitrified K-65 silo material would be packaging the 
vitrified waste material into 3-gallon Type A containers followed by overpacking the 3-gallon 
containers into a concrete vault (SQ-112 Squarepak'" or equivalent). Based on a maximum 
payload of 42,000 pounds t o  meet the legal weight requirements for over the road vehicles, 
approximately 1 14 3-gallon containers could be placed into one concrete vault overpack. A 
maximum of two concrete vaults would be placed onto a closed transport vehicle (truck) for 
shipment under exclusive use conditions directly t o  the NTS. 

1-1  



The optimum configuration for compliance with all pertinent regulations promulgated prior to 
September 1995 for the transportation of a single shipment of vitrified Silo 3 material w a s  
determined t o  be packaging vitrified waste  material into 3-gallon Type A containers followed 
by overpacking 120 3-gallon containers into a B-25 metal box. A maximum of five 6-25 
overpacks would be placed in a closed transport vehicle and would be transported under 
exclusive use conditions directly t o  the NTS. 

The packaging configurations described above would require approximately 2,6 1 6 truck 
shipments for the vitrified K-65 silo material to the NTS, and 546 truck shipments for the 
vitrified Silo 3 material to the NTS. The total cost  for transportation 'and disposition of the 
material under this approach is estimated to be $1 21.7 million. 

As stated previously, the Foster-Wheeler optimization study results were based on shipping 
vitrified radioactive material in full compliance with regulations promulgated prior to September 
1995. Under these regulations the  vitrified material generated from remediation of OU4 silo 
material can not be classified as low specific activity (LSA) material due  to the concentrations 
of radium-226 in the K-65 material, and thorium-230 in the Silo 3 material. Therefore, the 
quantity of material that  could be placed into one package w a s  limited to the allowable Curie 
content, for the mixture of radionuclides present, established by the  DOT regulatons. 

However, regulations proposed by the DOT in November 1989 (54 FR 47454) further clarify 
the definition of LSA material which would encompass OU4 vitrified material. These 
regulations were recently promulgated on September 28, 1995 (60 FR 50292). OU4 vitrified 
material would be classified as LSA-II material under the new regulations because the average 
specific activity for the  radionuclides present in the vitrified material would not exceed 1 O4 
A,/g. Classification as LSA-II would allow the vitrified material to be placed directly into 
containers that  met Industrial Package-Type 2 specifications under the  new rules. Using a 
maximum payload limit of 42,000 pounds and a radiation level limit of 100 millirem per hour 
(mrem/h) on contact for handling operations a t  the NTS, approximately 3,200 containers 
would be required for shipment, resulting in approximately 1,600 shipments of vitrified OU4 
material to the  NTS. The total cost  for transportation and disposition of OU4 silo material 
under this scenario is estimated at $36.1 million. 

This report summarizes the rationale used in the determination of these  configurations, and 
recommends and describes a path forward based on findings and the  results of this study. 
Key issues discussed in the report that  impact the  proposed path forward are: 

0 Cost-effectiveness of using the optimized packaging configuration as 
determined in the study conducted by Foster-Wheeler. 

0 Acceptance of the classification of OU4 silo material as LSA-II material under 
the new regulations by the  DOE Ohio Field Office (DOE-OFO). 

0 Risks  associated with transporting the non-dispersible treated material by truck. 

0 NTS approval of the  OU4 11 (e)(2) byproduct material as "small volume" in 
accordance with DOE Order 5820.2Ar Chapter IV. 



0 Compliance with the  CERCLA "Offsite Rule" for disposal a t  the  NTS. 

0 . Design of a new container, or modification of a n  existing container design to 
meet Type A container specifications (exceeding Industrial Package-Type 2 
container requirements) to provide necessary protection of human health and 
the environment and still be cost-effective. 

0 Development, certification, and procurement of a prototype container under an 
existing DOE Program Research Development Announcement (PRDA) contract. 

. -  _. . . 
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2.0 CONTAINER OPTIMIZATION STUDY 

To determine the optimum transport configuration, FERMCO tasked Foster-Wheeler to perform 
a container optimization study for the transportation of vitrified K-65 and Silo 3 material. Key 
issues affecting the optimum transport configuration are: 

0 Proper classification of vitrified material under recently promulgated DOT 
regulations (60 FR 502921, 

0 Maximum quantity of radioactive material permitted in an  individual container, 

0 DOT radiation level limitations on the external surface of a package and the 
transport vehicle, 

0 Comparison between transporting by a combination of rail and truck and 
transporting by t r u c k  only, 

0 Short term risks  associated with transporting the treated material to the NTS, 
and 

0 NEPA Supplemental Analysis for the "truck-only" transport mode. 

2.1 PROPER CLASSIFICATION OF OU4 VITRIFIED MATERIAL 

The K-65 silos contain residues generated from processing high grade uranium ores. Silo 3 
contains residues, known as cold metal oxides, generated from extraction of uranium from 
uranium ores and uranium concentrates. Both K-65 and Silo 3 materials are by-product 
materials a s  defined under Section 1 l(eI(2) "wastes produced by t he  extraction or 
concentration of uranium or thorium from any ore processed primarily for its source material 
content" of the Atomic Energy Act of 1954. To determine the packaging requirements for 
the  material, proper classification of the material had to be performed in accordance with 
pertinent DOT regulations. 

2.1 .l Low Specific Activity Material 

Foster-Wheeler staff were tasked to evaluate the optimum transportation and packaging 
configuration for vitrified radioactive material .in accordance with current DOT regulations 
promulgated in 49 CFR 5 173 Subpart I. Based on their findings, the  OU4 vitrified material 
w a s  determined not to be low specific activity (LSA) material under the current definition 
presented in 49 CFR 5 173.403(n).  

Through direct discussions with and guidance provided by the  DOT and detailed evaluation 
of proposed regulations related to  the safe transport of radioactive material presented in 54 
FR 47454, it w a s  determined that OU4 vitrified material could meet one of the  criterion for 
LSA material under the proposed definition. These regulations were recently promulgated on 
September 28, 1 9 9 5  (60 FR 50292).  The following section reviews and discusses each of 
the  different criterion which delineates LSA material under the recently promulgated 
regulations for a determination on whether OU4 material meets the definition of LSA material. 
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2.1.1.1 LSA Criteria 49 CFR § 173.403 (60 FR 50292) 

The proposed regulations define LSA as material that satisfies the descriptions and limits set 
forth in one of three groups; LSA-I, LSA-II, and LSA-Ill. 

LSA-I Evaluation 

LSA-I must satisfy any of the following: 

"i) Ores containing only naturally occurring radionuclides (e.g., uranium, thorium) and 
uranium or thorium concentrates of such ores; or 

ii) Solid unirradiated natural or depleted uranium or natural thorium or their solid or 
liquid compounds or mixtures; or 

_ _  ._ - - _. - __ - -  - - . -  - -  

iii) Radioactive material, other than fissile material, for which the A, value is unlimited; 
or 

iv) Mill tailings, contaminated earth, concrete, rubble, other debris, and activated 
material in which the radioactive material is uniformly distributed and the estimated 
average specific activity does not exceed 1 0*6 A,/g." . 

The first criterion for LSA-I material applies t o  actual ores or the products of the physical and 
chemical concentration process (e.g., yellowcake). By process knowledge, the material in the 
OU4 silos is the waste residue from this process and not the actual ores nor the product from 
processing the ores. Therefore, the OU4 silo material does not meet this criterion. 

The second criterion applies to nuclear fuel rods or elements containing uranium and thorium. 
The OU4 silo material does not contain nuclear fuel rods or elements, therefore, the silo 
material does not meet this criterion. 

In addition, the OU4 silo material does not have an unlimited A, value and its estimated 
average specific activity exceeds the A,/g criterion. As a result, the OU4 silo material 
does not meet the criteria established for LSA-I. 

LSA-II Evaluation 

LSA-II material can be 

"i) Water with a tritium concentration up t o  20 Ci/L; or 

ii) Other material in which the radioactive material is distributed throughout and the 
estimated average specific activity does not exceed 1 O4 A,/g for solids and gases, and 

A,/g for liquids." 

The OU4 silo material is not aqueous and does not contain tritium. Therefore, silo material 
does not meet the first criterion for LSA-II. 

Evaluation of the radionuclide content for both K-65 and Silo 3 materials indicates OU4 silo 
material meets the second criterion for LSA-II material. Therefore, OU4 silo material could be 



classified as LSA-I1 material under the new requlations. The results of this LSA determination 
on K-65 and Silo 3 material are presented in Tables A-1 and A-2, respectively of Appendix A. 

LSA-Ill Evaluation 

LSA-Ill is defined as "Solids in which: 

i) The radioactive material is distributed throughout a solid or a collection of solid 
objects, or is essentially uniformly distributed in a solid compact binding agent (such 
as concrete, bitumen, ceramic, etc,); 

ii) The radioactive material is relatively insoluble, or it is intrinsically contained in a 
relatively insoluble material, so that, even under loss of packaging, the loss of 
radioactive material per package by leaching when placed in water for seven days as 
determined by the tests prescribed in § 173.468 would not exceed 0.1 A,; and 

iii) The estimated average specific activity of the solid does not exceed 2x1 0-3 A,/g.n 

Though no size limitations are specified in the LSA-Ill criteria, the DOT has commented that 
the criteria is intended t o  apply to large objects such as concrete and bitumen. The intent of 
this criteria was not envisioned for vitrified gems produced during remediation of the OU4 silo 
material. Therefore, vitrified OU4 silo material would not likely meet the intent of the LSA-Ill 
criteria, and as a result classification under this criteria will not be pursued. 

Based on the information presented above, the OU4 silo material does meet the second criteria 
for LSA-II material under regulations proposed in November 1989 and recently promulgated 
in September 1 995. Documented discussions with DOT representatives verified this 
determination. 

2.1.2 Fissile-Exempt Material 

Similar to the approach used for determining whether OU4 vitrified material met the criteria 
for LSA material, an evaluation was performed t o  determine whether OU4 vitrified material 
should be classified as fissile material or fissile-exempt material under the recently 
promulgated regulations. 

2.1.2.1 Fissile-Exempt Criteria 49  CFR 0 173.453 (60 FR 50292) 

The definition for fissile material under the new regulations does not exclude OU4 silo 
material. The new definition excludes "Unirradiated natural uranium and depleted uranium and 
natural or depleted uranium which has been irradiated in thermal reactors." As stated 
previously in Section 2.1 .l .l of this document, OU4 silo material does not meet the definition 
of unirradiated uranium or unirradiated thorium. Therefore, this exclusion does not apply to  
the OU4 silo material. 

Since, silo material contains uranium-235, a fissile radionuclide, the exceptions under 4 9  CFR 
§ 173.453 must be evaluated to  determine if vitrified silo material needs t o  be classified as 
fissile. To be considered "fissile exempt," only one of the criteria listed in the exceptions 
under 4 9  CFR 0 173.453 must be met. 
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4 9  CFR § 173.453 states "the requirements of 5 173.451 through 173.459 do not apply to: 

(a) A package containing not more than 15 grams of fissile radionuclides. I f  the 
material is transported in bulk, the quantity limitation applies t o  the conveyance; 

The proposed customized container, discussed in Section 3.6, will have a payload of 
approximately 9,000 pounds (4.1 OE + 06 grams). The activity of uranium-235 per unit mass 
of K-65 vitrified material is approximately 1.1 1 E-10 Ci/g. If the container is filled to capacity, 
approximately 4.55E-04 Ci of uranium-235 would be in each package. The specific activity 
of uranium-235 is 2.20E-06 Ci/g as presented in the table under 4 9  CFR 5 173.435. As a 
result, approximately 207 grams of uranium-235 will be in each customized container (4.55E- 

fissile material exception criteria can not be applied to the K-65 vitrified material. 
04 Ci x 1 g/2.20E-06 Ci). _This value exceeds the acceptable 15 gram limit, therefore, this _ _  

- . _  

The same logic can be applied to  uranium-235 in the Silo 3 material. The activity of uranium- 
235 per unit mass of Silo 3 vitrified material is approximately 1.38E-10 Ci/g resulting in 
5.66E-04 Ci per package. This results in approximately 257 grams of uranium-235 (5.66E-04 
Ci x 1 g/2.20E-06 Ci) in each customized concrete container. This value exceeds the 
acceptable 1 5  gram limit, therefore, this fissile material exception can not be applied to  the 
Silo 3 vitrified material. 

' 

(b) A package containing homogenous solutions or mixtures where; 

(1 ) The minimum ratio of the number of hydrogen atoms to the number of 
atoms of fissile radionuclides (H/X) is 5200; 

(2) The maximum concentration of fissile radionuclides is 5 grams per liter; and 

(3) The maximum mass of fissile radionuclides in the package is 500 grams, 
except that for a mixture in which the total mass of plutonium and uranium-233 
does not exceed 1 % ot the mass of uranium-235, the limit is 800 grams. If the 
material is transported in bulk, the quantity limitations apply to the conveyance; 

This criteria does not apply to  the OU4 silo material since the majority of hydrogen will be 
volatilized during the vitrification process. 

(c) A package containing uranium enriched in uranium-235 to  a maximum of 1% by 
mass, and with a total plutonium and uranium-233 content of up to 1 % of the mass 
of uranium-235, if the fissile radionuclides are distributed homogeneously throughout 
the package contents, and do not form a lattice arrangement within the package; 

This criterion is intended to  preclude latticing of slightly enriched uranium in a moderating 
medium. The OU4 silo material does not consist of enriched uranium in a moderating medium, 
therefore, this criterion does not apply to  the OU4 silo material. 

(d) A package containing not more than 5 grams of fissile radionuclides in any 10-liter 
volume, provided that the material is contained in packages that will maintain the 
limitation on fissile radionuclide distribution during normal conditions of transport; 

The OU4 silo material will meet this exception criterion. Using the values presented above 
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. 
for (a), it is estimated that a customized container with a full payload of K-65 vitrified material 
would consist of 207 grams of uranium-235, and a customized container with a full payload 
of Silo 3 vitrified material would consist of approximately 257 grams of uranium-235. As  
discussed in Section 3.6, the volume capacity of the customized concrete container is 
approximately 61 ft3 (1 71 7 liters). As a result, the concentration of uranium-235 from K-65 
vitrified material would be 0.1 2 g/L and the concentration of uranium-235 from Silo 3 vitrified 
material would be 0.15 g/L in a customized concrete container. Since the uranium-235 
concentration is less than 5 grams per 10 liters (0.5 g/L) in both cases, this criterion can be 
used to  classifv OU4 silo material as fissile exempt. 

(e) A package containing one kilogram or less of plutonium of which 20% or less by 
mass may consist of plutonium-239, plutonium-241, or any combination of those 
radionuclides; 

This exception applies to shipments of plutonium. The OU4 silo material does not contain any 
plutonium, therefore, this exception does not apply t o  the OU4 silo material. 

.(f) A package containing liquid solutions of uranyl nitrate enriched in uranium-235 t o '  
a maximum of 2 %  by mass, with total plutonium and uranium-233 not exceeding 
0.1 % of the mass of uranium-235 with a nitrogen-to-uranium atomic ratio (N/U) of 2. 

The material in the OU4 silos does not consist of liquid solutions of uranyl nitrate, therefore, 
this exception does not apply to  the OU4 silo material. 

Under the new regulations in 60 FR 50292, the only criterion that applies t o  OU4 material is 
criterion 49 CFR § 173.453(d). This criterion is met by both K-65 and Silo 3 material. 
Therefore, OU4 silo material is fissile exempt and does not have t o  be shipped in accordance 
with the fissile material shipping regulations under DOT. 

2.2 DOT QUANTITY LIMITATIONS PER PACKAGE 

The amount of radioactive material permitted in a single package is dependent upon proper 
classification of the material, the radionuclides present in the material, and the curie content 
of the radionuclides. Under the new DOT regulations, the quantity of LSA material permitted 
in a single package is limited so "that the external radiation level at 3 m from the unshielded 
material or object or collections of objects does not exceed 1 rem/h." 

In addition, limits have also been placed on the amount of some types of LSA material 
permitted in a single conveyance. For LSA-II material that is  also a non-flammable solid, there 
is no proposed quantity limit for a single conveyance. 

If the vitrified OU4 material is determined not to  be LSA-It, it will be classified as normal form 
radioactive material. Normal form radioactive material placed in a Type A package must not 
have a quantity of radioactivity greater than the established A, value for a single radionuclide 
or the calculated A, value for a mixture of radionuclides. DOT A, quantity limits for specific 
radionuclides in normal form radioactive material are presented in 49 CFR § 173.435. DOT 
A, quantity limits for radioactive decay chains and radioactive mixtures are determined in 
accordance with 49 CFR § 173.433. In particular, 49 CFR § 173.433(b)(3) describes the 
"sum of fractions" method for calculating A, quantity limits for radioactive mixtures. 



Under the "sum of fractions" methodology, a ratio of the total activity of the radionuclide to  
its respective A, value is calculated, and the sum of these ratios, or fractions, is obtained t o  
determine the A, quantity limit. For Type A packages the A, quantity limit is reached when 
the sum of fractions equals one. 

2.2.1 Packaging Based on LSA-II Requirements 

Under the new DOT regulations, OU4 vitrified material is classified as LSA-II material. As 
stated previously, the new regulations coincide with the IAEA regulations and restrict the 
quantity of LSA material in a single package so that the external radiation level a t  3 m from 
the unshielded material does not exceed 1 rem/h. In addition, a limit per conveyance has not 

- _ _  - -- ._ .~__ - been established-for non-flammable solid LSA-II material. - 

The radiation level associated wi th  the unshielded K-65 material maximizes a t  approximately 
900 mrem/h on contact while that for Silo 3 material maximizes a t  approximately 10 mrem/h 
at contact. These levels would decrease over 3 meters so that OU4 vitrified material would 
meet the LSA dose requirements with any size packaging. 

The proposed regulations require as a minimum, an industrial package-type 2 (IP-2) container 
be used for shipments of LSA-II material. IP-2 containers must meet the general design 
requirements established in 49 CFR 5 173.410 of the proposed regulations. In addition, the 
proposed regulations require IP-2 containers undergo the free drop test 149 CFR 5 173.465(c)1 
and the stacking test [49 CFR 5 173.465(d)] without loss or dispersal of the radioactive 
contents and without a significant increase in the radiation levels recorded or calculated at the 
external surface of the container prior t o  the tests. As discussed in Section 3.6, the proposed 
customized container t o  ship the OU4 vitrified material will meet or exceed these 
requirements. 

i . .  

The quantity of material that will be placed in a single container will be limited by the rated 
capacity of the container, while the quantity placed on each truck will be limited to an amount 
that  maintains each shipment within legal weight limits. A customized container being 
proposed for OU4 vitrified material would have an internal volume capacity of 61 ft3 and 
payload limit of '9,000 pounds. The volume of vitrified material t o  be generated during 
remediation of OU4 silo material is estimated at 2.86E + 07 pounds. Based on a payload of 
9,000 pounds per container, approximately 3,200 customized containers would be required. 
If t w o  containers are transported per shipment, approximately 1,600 shipments would be 
required t o  transport the vitrified material t o  the NTS for disposal. 

. 7 

2.2.2 Packaging Based on Normal Form Radioactive Material Requirements 

If  it is determined that OU4 silo material does not meet one of the definitions of LSA material, 
the material would have t o  be classified as normal form radioactive material. Therefore, the 
radioactivity present in a single package must not exceed the calculated A, value for the 
mixture of radionuclides present in the material. 

The K-65 and Silo 3 material consists of a mixture of radionuclides from three different 
radioactive decay chains. For purposes of determining the A, quantity limits for the OU4 
vitrified material, the DOE proposed to divide the decay chains into segments in which the 
radionuclides are present in their naturally occurring proportions. Each segment is headed by 
a radionuclide wi th a half-life of ten days or longer, with all progeny in each segment, by 
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virtue of equilibrium proportions, considered as the single (parent) radionuclide.' 

Spreadsheets for determining the quantity limitations of K-65 and Silo 3 vitrified gem material 
are presented in Appendix B. Based on calculations using the A, values under the new 
regulations, a Type A 3-gallon container would maximize 100  percent of its volume and 
contain 6 7  percent of the maximum A, quantity for vitrified K-65 material and 1 0 0  percent 
of the A, quantity for vitrified Silo 3 material. Using this information, the study showed for 
vitrified K-65 material approximately 168  3-gallon containers could be overpacked in a durable 
concrete vault. However, weight restrictions for over the road vehicles would limit this t o  
1 14 3-gallon containers being placed in a concrete vault. An example of the durable concrete 
vault considered for overpacking the K-65 vitrified material is the SQ-112 Squarepak", 
developed by Scientific Ecology Group, lnc. A maximum of t w o  SQ-112" overpacks could 
be placed in a closed transport vehicle and shipped by exclusive use to  the NTS for disposal. 

Based on calculations performed by Foster-Wheeler (See Appendix B), approximately 47 
pounds of vitrified material could be placed into a 3-gallon container. This results in 
approximately 5,358 pounds of vitrified K-65 material per SQ-112" overpack, and 
approximately 10,716 pounds of K-65 material per shipment. As a result, approximately 
596,390 3-gallon containers, 5,232 SQ-112" overpacks, and 2.61 6 truck shipments would 
be required to  transport all the vitrified K-65 material to  the NTS. 

Similar calculations were performed for vitrified Silo 3 material. However, a B-25 overpack 
was used in place of the SQ-112" overpack, because of the lower dose rates associated with 
Silo 3 residues and the subsequent need for less shielding. Approximately 1 2 0  3-gallon 
containers could be placed inside a 6-25 overpack. Due t o  weight restrictions for over the 
road vehicles, a maximum of five B-25 overpacks could be placed in a closed transport vehicle 
and shipped by exclusive use to the NTS for disposal. 

Based on calculations, approximately 47 pounds of vitrified Silo 3 material could be placed 
into a 3-gallon container. This results in approximately 5,604 pounds of material per B-25 
overpack, and approximately 28,020 pounds of material per shipment. As a result, 
approximately 327,288 3-gallon containers, 2,73 1 B-25 overpacks, and 546 truck shipments 
would be required to transport all the vitrified Silo 3 material t o  the NTS. 

An  estimated total of 923,678 3-gallon containers, 5,232 SQ-112" containers, 2,731 B-25 
metal boxes would be required to package OU4 vitrified material under this scenario. This 
would result in an estimated 3,162 shipments of OU4 vitrified material t o  the NTS. 

2.3 COMPLIANCE WITH DOT RADIATION LEVEL LIMITATIONS 

DOT has established a radiation level limit of 200 millirem per hour (mrem/h) for the external 

As provided by the regulations, a single radioactive decay chain in which 
radionuclides are present in their naturally occurring proportions and in which 
no daughter nuclide has a half-life either longer than 10 days or longer than 
that of the parent nuclide shall be considered as a single radionuclide, and the 
activity to be taken into account and the value to be applied shall correspond 
to the parent nuclide of that chain [49 CFR § 173.433 (b) (2) J . 



surface of a package and a transport index limit3 of 1 0  for each package of radioactive 
material offered for transportation 149 CFR § 173.441 (al l .  Packages exceeding either of 
these radiation level limits must be shipped as exclusive use with the following radiation level 
limitations: 

0 200 mrem/h on the external surface of the package, 

0 200 mrem/h at any point on the outer surfaces of the transport vehicle, 
including the top and underside of the vehicle, 

0 10 mrem/h at any point t w o  meters from the outer lateral surface of the 
__ - - - - transport vehicle,-excluding the top and underside-of the vehicle, and -- 

0 2 mrem/h in any normally occupied space, except where private carriers operate 
under a State or federally regulated radiation protection program and the 
personnel wear radiation dosimetry devices. 

The external surface of a package may have a radiation level limit greater than 200 mrem/h 
but less than 1000 mrem/h when shipped by exclusive use, if: 

1) the shipment is made in a closed transport vehicle, 

2) the package is secured during transport t o  prevent shifting during transport, and 

3) no loading or unloading operations occur between the beginning and end of the 
transportation 149 CFR § 173.441 (b)(l)-(4)1. 

Based on Microshield 40 modeling data reported by Foster-Wheeler, the estimated radiation 
level on  the external surface of a 3-gallon package containing vitrified K-65 material would be 
approximately 364 mrem/h. Applying the DOT radiation level limits to this package, results 
in the need t o  transport K-65 material by exclusive use in a closed transport vehicle. In order 
t o  consolidate the number of packages t o  be transported into manageable shipments and to  
offer more radiation shielding, the vitrified K-65 material would be overpacked in a durable 
container similar t o  that identified in Appendix C. 

Based upon modeling, the overpack would reduce the external surface radiation level from the 
364 mrem/h, for the 3-gallon container, to approximately 100 mremh. In addition, the 
overpacks provide the necessary shielding to meet the radiation level limitations established 
for the transport vehicle (i.e., 200 mrem/h on external surface of transport vehicle, and 1 0  
mrem/h t w o  meters from the outer lateral surface of the transport vehicle). 

In comparison, 3-gallon containers overpacked in a stainless steel or carbon steel container 
with a typical thickness of 0.25 inches resulted in an external radiation level on the surface 

Transport index means the dimensionless number placed on the label of a 
package to designate the degree of control to be exercised by the carrier during 
transportation. For OU4 vitrified material, the transport index is determined 
by the-number -expressing the maximum radiation level in mrem/hr at one meter from 
the external surface of the package 149 CFR 5 173.403 (bb) (111. 



of the overpack of approximately 51 5 mrem/h. Furthermore, the option of placing 3-gallon 
containers directly into a Sea/Land cargo type container resulted in a external radiation level 
on the surface of the Sea/Land container o f  approximately 71 0 mrem/h. To provide the same 
shielding capabilities as a concrete vault, the stainless steel overpack would require a wall 
thickness of 1.5 inches. As a result, further analysis of an optimum container for vitrified K- 
65 material concentrated on containers constructed of concrete. 

Based on modeling, the external surface radiation level for the customized container proposed 
for O U 4  vitrified material classified as LSA-II would be approximately 75 mrem/h for K-65 
vitrified material and less than 10 mrem/h for Silo 3 material. The customized container is 
proposed t o  be a modified version of the container identified in Appendix C. 

The NTS has requested that external surface radiation levels be below 100 mrem/h so that 
the containers with their waste content do not have to  be disposed in a “high radiation area“. 
The DOE, under 10 CFR 835, has established that areas in which radiation levels could result 
in an individual receiving a deep dose equivalent in excess of 100 mrem/h at 30 c m  from the 
radiation source must be classified as a high radiation area. The customized container will 
meet the NTS request by ensuring the surface radiation levels associated with the container 
are maintained below 100 mrem/h. 

2.4 INTERMODAL AND DIRECT TRUCK SHIPMENT COMPARISON 

Because of the need t o  transfer from rail to truck in Las Vegas, as well as the need to obtain 
Sea/Land cargo containers to overpack the customized containers for shipment by rail, 
shipments by truck-only would result in the more cost-effective alternative for the customized 
container (approximately $38.3 million for intermodal versus $36.1 million for truck-only). In 
addition, rail would not be the most efficient and safe method t o  transport the vitrified waste. 

During the course of the study, it was determined that the rail carrier requires individual 
packages such as B-25s and SQ-112 Squarepaks” be placed in cargo or Sea/Land containers 
prior t o  shipment on a rail car. This is required t o  reduce exposure t o  rail workers by reducing 
the number of packages they need t o  handle. Many of these containers will be required to  
meet the project transportation needs for O U 4  vitrified material. A large storage area for 
these containers would have to  be designated when the containers are not being used. The 
capital, operation and maintenance of a storage area was not included in the cost-study 
performed by Foster-Wheeler. 

The cargo or Sea/Land containers would have t o  be returned by the rail carrier for re-use at 
Fernald. Vitrified waste would need to be stored at the Fernald while waiting for cargo 
containers to  be returned. This would result in increased risks of worker exposure, as well 
as increased costs due to  return rail shipments to  Fernald and development of adequate 
storage space at Fernald. 

Though the NTS is in the process of preparing an Environmental Impact Statement (EIS) to  
evaluate potential environmental impacts associated with future-use alternatives for the NTS, 
no decision is expected regarding rail access t o  the NTS. In addition, DOE-NV recognizes a 
rail option would be a more feasible alternative should the NTS be selected as the sole low 
level radioactive waste disposal site for the DOE complex. However, a decision on that 
selection is being deferred to the Waste Management Programmatic EIS. Furthermore, should 
Yucca Mountain build a rail spur into the test site, DOE-NV would perform additional 



evaluations associated with utilization of the spur for DOE low level radioactive waste 
generators. 

Currently rail access is available from the Fernald site to Las Vegas, Nevada, but is not 
available all the way to the NTS. Since there are no rail lines or spurs to  the NTS, additional 
costs would be incurred for container transfers from rail to  local trucks to  complete the 
intermodal shipment to the NTS. Furthermore, additional handling of a waste container 
increases the probability of accidents, such as breaching containers, and thus increases the 
risks. 

Logistically, it is easier to  load a truck and stabilize the containers prior to  shipment than it 
would be to  load and stage a rail car. Shipments b y  rail would-requirethat individual packages - 

be placed into toploading cargo o r  Sea/Land containers, stabilized, then rigged, lifted, and 
secured in place on a rail car. 

~- 

A train engine and rail car(s) would need to be dedicated to specifically meet the production 
schedule for the project. The round trip, by train, t o  Las Vegas is estimated at 29 days from 
Fernald. Thus, vitrified material would need t o  be stored at Fernald resulting in increased 
materials handling and increased risk of worker exposure. This cost factor was not included 
in the Foster-Wheeler report. 

As stated previously, intermodal costs in the Foster-Wheeler report do not include those costs 
associated with increased handling and storage requirements. In addition, truck only 
shipments offer a greater degree of control than rail shipments, because DOE would be the 
sole consignor of the truck shipment while other consignors would be using the train, unless 
an engine dedicated to the OU4 remediation effort were purchased. Furthermore, truck only 
shipments would allow direct control and transport to  the NTS without the need for transfer, 
as would be required by rail shipments, where some control of shipments would have to  be 
relinquished. Based on these considerations concerning intermodal transport, the truck-only 
transport option is more favorable. 

2.5 TRANSPORTATION RISK ASSESSMENT 

To assess the impacts to transportation ground and vehicle crews, as well as the public, from 
normal and off-normal events during the transportation of vitrified K-65 and Silo 3 material 
from Fernald to the NTS, unit calculations of dose based on the RADTRAN 4@ computer code 
were performed. RADTRAN 4O, the risk assessment model, estimates the radiological impacts 
t o  the transportation workers and the population living along or sharing the transportation 
route. The code assesses incident-free impacts t o  the population and workers, as well as 
impacts t o  the population from a release of radioactive material following a vehicle accident. 
The impacts are expressed in terms of dose equivalent, in units of person-rem, which is the 
amount of radioactive exposure t o  all receptors. 

Factors can be applied to  the RADTRANO results t o  convert to  Lifetime Cancer Risk (LCR) 
values, or the risk of cancer resulting from a specified dose of ionizing radiation resulting from 
the transportation of vitrified material from Fernald t o  the NTS. The calculated LCR would 
incorporate both cancer deaths and fatal genetic effects from exposures. The conversion 
factor of 6.30E-04 excess cancers/person-rem was used to  convert receptor doses to the LCR 
and was obtained from Health Effects of ExDosure t o  Low Levels of lonizina Radiation (1 990), 
by the Committee on the Biological Effects of Ionizing Radiation. However, it must be 



emphasized that the application of a LCR conversion factor is not exact because the etiology 
of a radiation-induced cancer is complex and not completely understood. . 

The RADTRANO modeling results are presented in Table 2-1. The table presents risk data 
associated with transporting the vitrified material as normal form radioactive material and LSA- 
II material, and transporting the material by both truck only and by combination rail/truck. 
Packaging configurations evaluated in the model were vitrified K-65 material packaged in 3- 
gallon containers overpacked in a SQ-112 Squarepak" or equivalent, vitrified Silo 3 material 
packaged in 3-gallon containers overpacked in Metal B - 2 5 ~ ~  and both K-65 and Silo 3 vitrified 
material packaged in customized concrete reinforced steel containers certified as Type A 
containers under the proposed regulations. 

Results indicate that risk associated with transporting material by intermodal (rail/truck) or 
truck-only is comparable. In addition, the results indicate that risk associated with 
transporting material as normal form radioactive material or as LSA-I1 material also are 
comparable. Although the risk associated with transporting the material by truck is slightly 
higher than the risk associated with transporting the material by a combination rail/truck, the 
LCR for the maximally exposed individual for both transportation options is well  within the 
acceptance criteria under CERCLA. 

Therefore, classifying the vitrified material as LSA-II material under the new regulations, 
packaging the material in customized concrete reinforced steel Type A containers, and 
transporting the material by truck would not present an unacceptable risk. 

2.6 NEPA SUPPLEMENTAL ANALYSIS 

The Selected Remedy presented in the integrated OU4 CERCLA/NEPA ROD included 
vitrification of the silo contents with final disposition of the vitrified material occurring at the 
NTS. The ROD stated vitrified waste would be transported off-site t o  the NTS by either 
intermodal (rail/truck) shipments or by truck-only shipments. Based on information provided 
in this report, truck-only shipments were identified as the preferred mode of transport. The 
OU4 FS/PP-EIS only evaluated intermodal shipments in detail. Due to the potential changes 
in the accident rates and exposure risk levels to  the public resulting from the change in 
transportation modes (Le., intermodal t o  truck only), a Supplemental Analysis is required to 
evaluate and present risk impacts associated with truck-only shipments t o  maintain 
compliance with NEPA and ensure protectiveness of human health and the environment. 

The NEPA Supplemental Analysis was conducted by DOE in accordance with 10 CFR 0 102 1 , 
"National Environmental Policy Act, Implementing Procedures and Guidelines" to determine 
whether a Supplemental EIS should be prepared in response to the change in transportation 
modes. The Supplemental Analysis is being integrated with this report. 

Based on preliminary data as shown in Table 2-1, regardless of whether the waste is 
transported by truck t o  the NTS as normal form radioactive material in overpacked 3-gallon 
containers or as LSA-II material in a customized Type A container, the changes in risk levels 
appear to be minimal and well within the acceptable risk range as defined by CERCLA. 
Furthermore, the accident rate results, presented in Table 2-2, indicate that accident rates 
would decrease for the truck-only transport scenario in comparison to  the intermodal 
(rail/truck) transport scenario. This is due to  the rail route being longer than the direct truck 
route and due to  the return shipments of Sea/Land cargo containers t o  Fernald under the 
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intermodal transport scenario. Since accident rates are directly .proportional to the total 
distance traveled, longer routes, and return trips to Fernald increase the accident rates 
associated with intermodal transport. 

In addition, some increase in local vehicle traffic would result from the "truck-only" scenario. 
Any air quality impacts resulting from vehicle emissions due to the increase in local traffic 
would be minimal. 

Based on information provided in this section, it is not anticipated that the preparation of a 
Supplemental EIS will be required. The final decision on whether to prepare a Supplemental 
EIS will be made by DOE-HQ after reviewing this document. A record of the final decision as 

- _  wel l  as this Supplemental Analysis will be made available for stakeholder inspection at the 
Public Environmental Information Center and will become part of the Administrative Record. 

2.7 OPTIMUM TRANSPORTATION CONFIGURATION FOR OPERABLE UNIT 4 MATERIAL 

_ _  

In summary, based on information presented in the Foster-Wheeler report, as well  as 
information obtained since completion of the report, the optimal transport configuration for 
the OU4 material is vitrified gems classified as LSA-I1 material, packaged in customized 
concrete reinforced steel containers that  meet Type A design specifications under the new 
regulations, and transported by exclusive use in a closed transport truck. Shipments would 
be made in full compliance with the safety requirements established in the new regulations. 
Therefore, the risk to the public during transportation operations would be minimal. 

As  stated in Section 2.2.2, approximately 3,200 customized containers would be required t o  
package the vitrified K-65 and Silo 3 gem material. With a maximum of t w o  containers per 
truck shipment, approximately 1,600 shipments t o  the NTS would be required. The total 
costs associated with this scenario are estimated at  $36.1 million. 

2-14 



3.0 PATH FORWARD 

Transporting vitrified material as normal form radioactive material in Type A 3-gallon 
containers and overpacked for consolidation would be compliant with current DOT 
requirements for shipments of radioactive material. However, this packaging configuration 
would present radiological exposure concerns for on-site workers during packaging operations 
due t o  the increased material handling required for the 3-gallon containers. In addition this 
packaging configuration would not be cost-effective. 

As stated in Section 2.1.1.1 of this document, OU4 vitrified material could meet the 
specifications for LSA-II material established in the new DOT shipping regulations for 

with the new regulations, including requirements established t o  protect the public. in addition, 
shipping material as LSA-II material would be more protective of on-site workers and more 
cost-effective than overpacking 3-gallon Type A containers. 

_ _  - radioactive material. Vitrified material could be shipped as LSA-II material in full compliance _ .  
.. 

Based on information presented in Section 2.0 and based upon project schedule demands, this 
Path Forward Summary report recommends DOE-FN seek approval of OU4 silo material as 
LSA-11 material under the new regulations. Key issues impacting this path forward are listed 
below and are discussed in this section: 

a Cost-effectiveness of using the optimized packaging configuration as 
determined in the study conducted by Foster-Wheeler. 

a Acceptance of the classification of OU4 silo material as LSA-II material under 
the new regulations by the DOE-OFO. 

a Risks associated with transporting material by truck. 

8 NTS approval of the OU4 11 (e1121 byproduct material as "small volume" in 
accordance with DOE Order 5820.2Ar Chapter IV. 

a Compliance with the CERCLA "Offsite Rule" for disposal at the NTS. 

a Design of a new container, or modification of an existing container design to  
meet Type A container specifications t o  provide necessary protection of  human 
health and the environment and still be cost-effective. 

a Development and procurement of a prototype container under the DOE PRDA 
contract. 

3.1 COST EFFECTIVENESS OF COMPLIANCE 

The shipment of vitrified material to the NTS utilizing 3-gallon containers for the optimized 
packaging configuration presented in the Foster-Wheeler report would be very expensive, at 
an estimated cost of $121.7 million. Therefore, it is proposed that the DOE approve OU4 silo 
material as LSA-II material under the new regulations in 60 FR 50292. This will allow 
packaging of vitrified material in customized containers with a payload capacity per container 
of approximately 9,000 pounds. The total number-of containers required would be reduced 
t o  approximately 3,200. This would enable the DOE t o  reduce the total number of required 
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shipments from approximately 3,162 to approximately 1,600. As a result, the total costs 
associated with transportation and disposal of vitrified material from OU4 would be 
significantly reduced to  approximately $36.1 million. 

3.2 APPROVAL OF OU4 SILO MATERIAL AS LSA-II 

To ship OU4 vitrified material as LSA-II material, approval must be granted by the DOE-OFO. 
Therefore, it is recommended that information presented in this document be submitted to  the 
DOE-OF0 for their review and written approval. 

The determination of the ability for OU4 vitrified material t o  meet the definition for LSA-II 
material under the new regulations is presented in Section 2.1.1.1 and Appendix A of this 
document. According to  the data presented in Appendix A, both K-65 and Silo 3 material 
meet the second criterion established for LSA-II material. It is estimated that the average 
specific activity for K-65 vitrified material will be one-tenth of the estimated LSA-II limit of 
1.1 5E-05 Ci/g calculated for K-65 vitrified material. In addition, the estimated average 
specific activity for Silo 3 vitrified material is expected t o  be less than three-tenths of the 
estimated LSA-II limit of 7.77E-07 Ci/g calculated for Silo 3 vitrified material. 

3.3 RISK ASSOCIATED WITH TRANSPORT OF VITRIFIED MATERIAL 

As stated in Section 2.5, the risk associated with shipping the material classified as LSA-II 
material in customized concrete reinforced steel Type A containers to  the NTS is acceptable 
under C ERC LA. 

A comparison of the risks associated with transporting the material as LSA-II versus 
transporting the material as normal form radioactive material in accordance with the A, 
quantity limitations is presented in Table 2-1 as Packaging Option #3. As shown by the data 
presented in the table, the risk associated with shipping the material as LSA-II would be 
comparable to the risk associated with shipping the material as normal form radioactive 
material in accordance with A, quantity limitations. The LCR for the maximally exposed 
individual as a result of shipping vitrified K-65 material as LSA-II material by truck would be 
approximately 1.42E-07. The LCR for the maximally exposed individual as a result of shipping 
vitrified Silo 3 material as LSA-II material by truck would be approximately 3.45E-09. These 
numbers are less than the criteria established under CERCLA, and as a result present an 
acceptable risk for transporting the material by truck to  NTS under the proposed exemption. 

3.4 NTS ACCEPTANCE OF VITRIFIED MATERIAL 

The NTS approved 11  (eI(2) byproduct material as "small volume" in accordance with DOE 
Order 5820.2A, Chapter IV, in letter dated January 17, 1995. This letter is presented in 
Appendix D of this document. By granting approval, the NTS allows Fernald t o  pursue 
qualification of the vitrified silo material as an approved waste stream for disposal at the NTS 
in accordance with the NTS waste acceptance criteria. A proposed schedule for obtaining 
approval from the NTS for disposal of the OU4 vitrified material is presented in Figure 3.1. 

3.5 COMPLIANCE WITH CERCLA "OFFSITE RULE" 

The FERMCO Environmental Compliance Division is pursuing the compliance determination for 
this requirement under the proposal. A strategy for coordination among USEPA Region V and 



Figure 3 . 1  Proposed Schedule for  Acceptance o f  Waste a t  NTS 

- .  I 

IX that the NTS meetLthe criteria is being developed. These activities are being pursued as 
a Fernald Environmental Compliance issue and are b&ng resolved independent of the OU4 
specific activities that are being addressed by this document. 

3.6 CUSTOMIZED CONTAINER DESIGN 

A proposed customized container for shipping the OU4 material as LSA-I1 material would be 
optimized to  minimize void space, number of shipments, and radiation levels to those that are 
as low as reasonably achievable ALARA in order to  minimize exposure to  workers, the general 
public and the environment. The customized container would be similar to a hybrid of the 
Endurok-112" and the Squarepak-1 12" containers manufactured by Scientific Ecology Group, 
Inc. (SEG). Manufacturer specifications for the existing designs 
are presented in Appendix C. 

The proposed modified design would be constructed of slurry infiltrated fiber reinforced 
concrete. A sealant will be applied to  all interior and exterior surfaces of the container t o  
provide a protective coating as a barrier against moisture and t o  inhibit deleterious effects of 
exposure. The internal dimensions would be customized to  be approximately 60"(L) X 42"(W) 
X 42"(H), with an approximate 6-inch thick shielding wall. The resulting volume capacity of  
the container would be 61 ft3 wi th  a payload capacity estimated at  9,000 pounds. 
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If each customized container were filled to  capacity, approximately 3,200 containers and. 
1,600 shipments would be required t o  transport the vitrified material to the NTS. In addition, 
the proposed design would offer excellent shielding from the gamma radiation associated with 
the vitrified material. The estimated radiation level on the external surface of a customized 
container holding only vitrified K-65 material would be approximately 75  mremh, while that 
for a customized container holding only vitrified Silo 3 material would be negligible. As a 
result, the proposed customized container would minimize the number of shipments while also 
reducing radiation levels t o  those that are ALARA. 

. 

Even though the proposed design is intended for use with classification of OU4 vitrified 
material as LSA-II material, the container would be certified as a Type A package by meeting 
the test criteria established by DOT in 49  CFR § 173.465. If approved for use in transporting 
LSA-II material, once the containers are filled to capacity, the radiation level readings will be 
taken on the external surface of the packages to ensure levels are within design 
specifications, as well as within DOT requirements established in 49 CFR 5 173.441. 

In addition, the customized container will be designed t o  meet the specific waste package 
criteria established for the NTS. The criteria for waste packages being disposed at  the NTS 
are presented in Section 5.5.1.2, "General Regulatory Waste Package Criteria", and Section 
5.5.1.3, "NTS Specific Package Criteria," contained in NVO-325, "Nevada Test Site Defense 
Waste Acceptance Criteria, Certification, and Transfer Requirements." Because the external 
dimensions of the customized container do not meet the specifications established by the NTS 
and the weight of the package will exceed 9,000 Ibs, approval for use of the container will 
have t o  be obtained from DOE-NV. 

3.7 CUSTOMIZED CONTAINER DEVELOPMENT 

The customized container discussed in the Section 3.6 will be developed under the DOE 
Program Research and Development Announcement (PRDA) contract with SEG. This contract 
is operated through the Martin-Marietta Energy Systems, Inc. under its prime contract with 
the DOE-Oak Ridge Operations. Under the contract, SEG will-develop a container by 
modifying the existing design of their Endurok-112" and Squarepak-112" series containers 
to make a hybrid container t o  satisfy the OU4 packaging needs. The hybrid prototype 
container design will consider the use of recycled low level contaminated material (i.e., 
concrete and steel) t o  minimize waste. The container will be fabricated, tested and certified 
as a DOT Type A container, and be accepted by the DOE-NV for disposal at the NTS. A 
schedule of the PRDA process for development of the container and testing of the container 
during Vitrification Pilot Plant Phase I1 operations is presented in Figure 3.2. 

The design and specification of the customized container developed under the PRDA contract 
will be the basis for the procurement of the containers used for the full-scale remediation 
facility. It is envisioned that the specifications and drawings would be the focus of a fixed 
priced, low-bid procurement action to acquire the necessary number of containers to support 
the remedial action effort. 

0 
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APPENDIX A 

Tables A-1 and A-2 present the source term for the vitrified gem material from the K-65 silos 
and Silo 3, respectively, as well as the LSA-II classification determination. Columns 2 and 3 
present the specific activity for each radionuclide in picocuries/cubic centimeter (pCi/cm3) and 
curies per gram (Ci/g), respectively. The specific activities in Column 3 were summed 
together t o  provide a total specific activity for the mixture of radionuclides. This value is 
presented at the bottom of Column 3. Column 4 presents the fractional contribution (fi) of 
each radionuclide by dividing the specific activity for each radionuclide by the total specific 
activity. For K-65 vitrified material the total specific activity is approximately 4.43 x 1 0-6 Ci/g, 
while for Silo 3 vitrified material its 2.65 x Ci/g. 

The A, value for the mixture was determined in accordance with 
§ 173.433(d)(2)(ii) of the new regulations: 

where fj/AZi is the fraction of activity of nuclide "in in the mixture compared to the 
radionuclide's respective A, value. 

Column 5 of the Tables provides the A, value for those radionuclides with a half-life greater 
than 10 days. The three decay chains associated with OU4 material were divided into "sub- 
chains" in which each parent nuclide had a half-life greater than 10 days. Radionuclides with 
a half-life less than 1 0  days were considered t o  be in secular equilibrium with their parent 
nuclide so only the A, value associated with the parent nuclide was used in determining the 
A, value for the mixture, as allowed under §173.433(c) of the new regulations (60 FR 
50292). 

Column 6 presents the fraction of activity for each radionuclide compared t o  the radionuclide's 
respective A, value (Column 4 values divided by Column 5 values). The inverse of the sum 
of these values equals the A, value for the mixture. This calculation is provided a t  the bottom 
of Column 6. For K-65 vitrified material the A, value is 0.12 Ci, while for Silo 3 vitrified 
material i ts 7.77 x 10'' Ci. 

One of the definitions for LSA-II material requires that the specific activity of a material to be 
less than 1 O4 times the calculated A, value per gram (1 0-4 A,/g). This value is calculated at  
the bottom of Column 6 and presented in Column 7. For K-65 material, the LSA-II limit is 
1.1 5 x 1 O 5  Ci/g, while for Silo 3 material the limit is 7.77 x l o 7  Ci/g. 

Column 8 then calculates the fraction of specific activity for each radionuclide compared t o  
the calculated LSA-II limit determined for the mixture (Column 3 values divided by Column 7 
values). For a mixture of radionuclides, the sum of the fractions must be less than "1 " t o  be 
classified as LSA-II material. The sum of the fractions for K-65 material is 0.1 09 and for Silo 
3 material is 0.266 as presented at  the bottom of Column 8 in their respective Tables. 
Therefore, both K-65 and Silo 3 vitrified material qualify as LSA-II material under the proposed 
regulations. 



Table A-1. K-65 Material LSA-I1 Determination Under the New Regulations (60 FR 50292) 

Radionuclide 

Ac-227 
Ac-228 

Bi-210 

Bi-211 

Bi-212 

Bi-214 

Fr-223 

Pi-23 1 

-. Pa-234 . ~ 

Pa-234m 

Pb-210 

Pb-211 

-212 
-214 

Po-210 
Po-211 

Po-212 

Po-214 

Po-2 1 5 

Po-2 1 6 

PO-2 18 ‘ 

Ra-223 

Ra-224 

Ra-226 

Ra-228 

Rn-219 

Rn-220 

Rn-222 
Th-227 

Th-228 
Th-230 
Th-23 1 

Th-232 

Tb-234 
TI-207 
TI-208 

U-234 

U-235 
U-238 

Source Term 
(pcilcm’) 

1.99E+04 
3.02E+03 

1.99E+04 

5.87E +03 

1.33E+06 

2.74E +02 

1.13E+04 

6.72E +05 

5.00E+00 -~ . .  

3.12E +03 

6.73E+05 

1.99E+04 

5.87E +03 

1.33E +06 

6.6 1 E +05 

3.76E +03 

5.40E +01 

1.33E+06 

1.99E+04 
5.87E +03 

1.33E+06 

’ 1.99E+04 
5.87E +03 

1.33E +06 

3.02E +03 

1.99E +04 

5.87E i o 3  

1.33E+06 

1.96E+04 

5.86E +03 
2.12E +05 

2.62E+02 

3.09E +03 

3.12E+03 
1.99E+04 

2.1 1E+03 

3.23E + 03 

2.62E+02 
3.12E +03 

Sum 

8.46E-09 
1.28E-09 

2.86E-07 

8.47E-09 

2.50E-09 

5.64E-07 

. 1.17E-10 

4.79E-09 

2.13E-12 
- . _. . - - 

1.33E-09 

2.86E-07 

8.47E-09 

2.50E-09 
5.64E-07 

2.81E-07 
2.30E-11 

1 AOE-09 

5.64E-07 

8.47E-09 

2.50E-09 

5.64E-07 

8.47E-09 

2.50E-09 
5.64E-07 

1.28E-09 

8.47E-09 
25OE-09 

5.64E-07 

8.35E-09 
2.49E-09 
9.03E-08 

1.1 1E-10 

1.32E-09 

1.33E49 

8.45E39 

8.98E-10 

1.37E-09 

1.1 1 E- 10 
1.33E-09 

f(i) 

1.91E-03 
2.89E-04 

6.46E-02 

1.91E-03 

5.64E-04 

1.27E-01 

2.64E-05 

1 .O8E-03 

4.8 1 E47 

3 BOE-04 

6.46E-02 

1.91E-03 

5.64E-04 

1.27E-01 

6.34EM 

5.19E46 

3.61E-04 

1.27E-01 
1.91E-03 

5.64E-04 

1.27E-01 

1.91E-03 

5.64E-04 

1.27E-0 1 

2.S9E-04 

1.91E-03 

5.64E3-04 

1.27E-01 

1.88E-03 

5.62EW 
2.04EM 
2.51845 

2.98E-04 

3.00E-04 

1.91E43 

2.03E-04 

3.09E-04 
2.51E-05 

3.00E-04 

- 

A, Limit 
(Ci) 

5.41E-04 

1.62E-03 

-- -_ ~ . .  

2.43E-01 

5.41E-01 

8.11E-01 

5.41E-01 

1.08Ei00 

2.70E-01 
1 -08E-02 

5.41E-03 

unlimited 

5.41E+00 

2.70E-02 

Unlimited 
unlimited 

4.43E-06 

A2(Ci) = Sum” = 

LSA-II limit = lo4 x A2 (Ci/g) = 

f(i)/A, 
(Ci-’) 

3.53E+00 

6.67E-01 

2.66E-O 1 

1.17E-01 

2.368-03 

2.35E-01 

2.68E44 

6.98E43 
5.20EM 

3.77E+00 

5.55E-05 

1.15E-02 

L 
LSA-II 

lo4 x A, 
(C 2P) 

1.16E-05 

1.16E45 

. . . .. . . . . . - - -. 

1.16E-05 

1.16E-05 

1.16E-05 

1.16E45 

1.16E-05 

1.16E-05 

1.16E-05 
1.16E-05 

1.16E-05 , 

1.16E-05 

8.66 

0.1 16 

2B 
Fraction of 

LSA-II Limit 

7.29E-04 

4.13E-04 

2.47E-02 

2.42E-02 

7.30E-04 

4.86E-02 

1.10E-04 

7.20E-04 

2.15E-04 
7.7 8E-03 

1.15E-04 

1.18E-04 

1.16E-05 
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Table A-2. Silo 3 Material LSA-I1 Determination Under the New Realations (60 FR 50292) 

Radionuclide 

Ac-227 
Ac-228 

Bi-210 

Bi-2 1 1 
Bi-212 

Bi-214 

Fr-223 

Pa-23 1 

Pa-234 

Pa-234m 

Pb-210 

Pb-211 

-212 

Pb-214 

Po-210 

Po-2 1 1 

Po-212 

Po-214 

Po-215 

Po-2 1 6 

Po-2 1 8 

Ra-223 

Ra-224 
Ra-226 

Ra-228 

Rn-219 

Rn-220 
Rn-222 ’ 

Th-227 

Th-228 

Th-230 
Th-23 1 
Th-232 

Th-234 

Tl-207 

TI-208 

U-234 

U-235 

U-238 

Source Tenn 
(pci/cm’) 

2.60E+03 
1.68E+03 

2.53E+04 

2.60E + 03 

1.60E +03 

1.39E+04 

3.59E +01 

2.80E +03 

1.20E+01 

7.50E+03 

2.53E+04 

2.60E+03 

1.60E+03 

1.39E+04 

2.55E+04 

7.10E+00 
1 .O2E +03 

1.39E+04 

2.60E + 03 

1.60E+03 

1.39E +04 

2.60E+03 
1.60E +03 

1.39E+04 

1.68E+03 
2.60E+03 

1.60E+03 
1.39E+04 

2.56E+03 

1.60E+03 

3.95E+05 

3.25E+M 

2.34E+03 

7JOE+O3 

2.59E+03 

2.59E +03 

5.74E+02 

4.8 1 E+03 

3.258+02 

Sum 

’ 10105/% 

~ ~ 

K-65 Gems 
(Ci/g) 

1.11E-09 
7.15E-10 

1.08E-08 , 

l.llE-09 

6.8 1 E- 10 

5.91E-09 

1 S3E-11 

1.19E-09 

5.1 1E-12 

3.19E-09 

1.08E-08 

l.llE-09 

6.81E-10 

5.9 1 E49 

1.09E-08 

3 .02E-12 
4.34E- 10 

5.91E-09 

l.llE-09 

6.8 1E- 10 

5.9 1 E49 
l.llE-09 

6.81E-10 

5.9 1E-09 

7.15E-10 

l.llE-09 

6.81E-10 
5.91Eh 

1.09E49 

6.8 1E-10 

1.68E-07 

1.38E-10 

9.96E-10 

3.19E-09 

l.lOE-09 

2.44E-10 

2.05E-09 

1.38E-10 

3.19E49 

f(i) 

4.19E-03 
2.70E-03 

4.08E-02 

4.19843 

2.57E-03 

2.23E-02 

5.77E-05 

4.49E-03 

1.93E-05 

1.20E-02 

4.08E-02 

4.19E-03 

2.57E-03 

2.23E-02 

4.11E-02 
1.14E-05 

1 .ME43 

2.23E-02 

4.19E-03 

2.57E-03 

2.236-02 

4.19E-03 

2.57843 

2.23E-02 

2.7CE-03 

4.19E-03 

2.57E-03 
2.23E-02 

4.11E-03 

2.57E-03 

6.34E-01 

5.21E-04 

3.76E-03 

1.20E-02 

4.15E-03 

9.218-04 

7.74E-03 

5.21E-04 

1.20E-02 

5.41E-04 

1 -62E-03 

2.43E-01 

5.4 1E-01 

8.11E-01 

5.41E-01 

1.08E+00 

2.70E-01 

1.08E-02 

5.4 1 E03 

unlimited 

5.4 1E +OO 

2.70E-02 

unlimited 

unlimited 

2.65E-07 
A2. (Ci) = Sum-’ = 

LSA-II limit = lo4 x A2 (CUg) = 

A-4 

7.74E+00 

2.778+00 

1.68E-01 

7.60E-02 

5.16E-03 

4.12E-02 

2.50E-03 

1.528-02 

2.38E-01 

1.17E+02 

2.23E-03 

2.87E-0 1 

7.78E-07 

7.78E-07 

7.78E-07 

7.78E-07 

7.78E-07 

7.78E-07 

7.78E-07 

7.78E-07 

7.78E-07 

7.78EM 

7.78E-07 

7.78EM 

128 53 

7.78E-03 

Fraction of 
LSA-II Lhii 

1.43E-03 

1.53E-03 

1.39E-02 

1.40E-02 

1.43E-03 

7 hOE-03 

9.19E-04 

1.40E-03 

8.75E-04 

2.16E-01 

4.10E-03 

2.63E-03 

7.78E-07 

OBQO, i9 



APPENDIX B 

SPREADSHEETS FOR DETERMINATION OF A, QUANTITY 

BASED ON NEW REGULATIONS 
LIMITS FOR K-65 AND SILO 3 VITRIFIED MATERIAL 





. 
i& wmtc 1 

Rdionuclidc 

Ac-227 
Ac-2-20 
Bi-210 
Bi-211 
Bi-212 
Bi-2 14 
Fr-223 
Pa-23 1 
Pa234 

P b - m  
Pb-210 
Pb-211 
P b 2  12 
Pb-2 14 
Po-2 10 
Po-211 
P e 2  12 
Po-214 
Po-2 15 
Po-2 16 
Pe218 
Ra-223 
Ra-224 
Ra-226 
RA-22s 

RR-219 
Rn-zu) 
ba2 
-227 
Th-228 
Th-230 
-231 

R-2m 

U-2% 
U-235 
0-238 

11-210 

1B7 C m  
(Cilg) 

6.93E-09 

_ _  

3.92E-09 

2.34E-07 

2.3oE-07 

6.94E-09 

4.62E-07 
1 .ME- 

6.84E-09 
2.WE-09 
7.39E-08 

1.OBE-09 
1.09E-09 

1.13E-09 
3.13E-11 
I .09E-09 

batiocl vdu 
(Ci/Cm3) 
1 .WEUS 
3.02E-09 
6.nE-07 
1.99EU8 
5.87E-09 
1.33E-06 
2.746-10 
1.13E4 
4.99E-12 
3.12E-09 
6.73E-07 
1 .WEUS 
5.87E-09 
1.33E-06 
6.61E-07 
5.43E-11 
3.76E-09 
1.33E-06 
1 .WE48 
5.87E-09 
1.33EW 
1 99E-08 
5.87E-09 
1.33E-06 
3.QZE-09 
1 B E 0 8  
s.amw 
1 .NE46 
1 .%E# 
5.866849 
2.12EQl 
2.62E-10 
3.09E49 
3.1%- 
1 .WE46 
2.11E09 

3.23E-m 
2.62s-10 
3.12E-09 

bob steel) 
Ad- rcriVity for 

calculate 

1.29E-08 
1.%E-09 
4.36E-07 
1.29E-08 
3.81E-09 
8.60E-07 
1.78E-IO 
7.3oE-09 
3.24E-12 
2.mE-09 
4.36E-07 
1.29EU8 
3.81E-09 
8.60EM 
4.WE-07 

( C i l c n q  

._ 

3.52E- 1 1 
2.44E-09 
8.6OEU7 
1.29E-08 
3.81E-09 
8.6OE-07 
1.29E-08 
3.81E-09 
8.60E-07 
1 .%E09 
129E08 
3.81E09 
8.6OE-07 
1 2 7 E 4  
3.m- 
1.REm 
1.m-10 
2.01E-09 
2.- 
1.29&4U 
1.37E49 

2.1oE-09 
1.7OE-10 
2.QZE-09 

u k  duuity 

1.29E-02 
1 .%E43 
4.36E-01 
1.29Em 
3.818-03 
8.60E-01 
1.788- 
7.30E-03 
3.24EQb 
2 . m a  
4.36E-01 
1 .29Ea 
3.8 1 E03 
8.6OE-01 
4.296-01 
3.52E-05 
2.446-03 
8.60E-01 
1.29Ea2 
3.81E43 
8.6OE-01 
1.29E42 
3.81E43 
8.6oE-01 
1 .%E43 
1.29E-Or 

( U C i l C d ~  

3.81~- 
a.6oE-01 
1.2- 
3.8OE-03 
1.38E-01 
1.7OEQI 
2.01E-m 
2.QzE-03 
1 2 9 E a  
1.37E43 

2.1oE43 
1.7OE01 
2.a2E-a 

Marimu 

2.13E+( 

- 
0 

2.13E+C 

!.n~+(i 

!.13E+O 

:.13E+O 

1.13E+O 
..13E+O 

.13E+OI 

.13E+OI 

.13E+Of 

.13E+(Y 

.13E+(Y 

.13E+04 

.13E+o4 

.13E+04 

d Volun 

1 1,465 

_ -  

1 1.465 

11,465 

11,465 

11.465 

11,465 
11.w 

11.46s 
11.46s 
11.46s 

11.46s 
11.46s 

11.465 
11.46s 
11.465 - 

Ci 

1.48E-0 

- -_  

8.37E-oi 

5.ooE-a 

4.92E4 

1.48E44 

9.86E-03 
2.24E-05 

1 .46E- 
1.3SE-05 
lJ8E-03 

2.3QEa 
2.32E4s 

t.40E-05 
I .ma 
!.=E45 

F 
* a .  

ProPorod 
A2 Limil 

(Ci) 
5.4OE-04 

- 

1.62E-03 

2.43E-01 

5.4OE-01 

8.10E-01 

S.4OE-01 
.08E+00 

2.7oE-01 
I .oBEU2 
5.4oE-m 

lnlimhd 

lnlimitcd 

Propored I 
f d O M  

2.74E-01 

- .. 

5.16E-02 

2.06E-02 

9.10E-03 

1.83E-W 

1.83E-02 
2.08E-05 

5.40EQ4 
4.03E-03 
2.92E-01 

4 x 4 6  

8.9QE06 



c-25 w.src 1 

Radionuclide 

Ae-Z27 

Ac-22.8 
Bi-2 IO 
Bi-2 1 1 
Biz12 
Bi-214 
Fr-223 
Pa-23 1 
Pa-234 
Pa-% 
Pb-210 
Pb-211 
Pb-212 
Pb-214 
Po-210 
Po-2 1 1 
Po-2 12 
Po-214 . 

Po-2u 
Po-216 
Pe218 
Rb-223 
&-a 
Ra-224 
RA-za ' 

-219 ,.:. 

Rn-222 
m227 
m22a 
Th-230 

. .  Raz2L) ",:' 

lh-23 1 ..' 
. . .  m232 . . .  ~~: . . .:A. :.. .:. .. 

.: .mm.;;;.. . .. .. .... 

n-an .. 
n-210'. . 

. .. . ..: 

.. . 

U-234 
U-235 
u-238 

1997 Con 
(Cud 

6.93E-09 

3.92E-09 

2.34EM 

2.30E-m 

6.94E-09 

4.62607 
1 .ME- 

6.WE49 
2.04E-09 
7.39E46 

1 .OBE49 
1 .@E49 

1.13E- 
9.13E-11 
1 .WE49 

m i o n  Value 
( C i l d )  
1.99E-08 
3.OZEd9 
6.72E-07 
1.99E-08 
5.87E-09 
1.33806 
2.74E-10 
1.13E-08 
4.99E-12 
3.12E-09 
6.73847 
1.99E-08 
5.87E-09 
1.33Ea 
6.61E-07 
5.43E-11 
3.76E-09 
1.33E06 
1.99E-08 
5.87E-09 
1.33E-06 
1 . % E 4  
5.87E-09 
1.33EOb 
3.02E-09 
1 B E 4 8  
5.87E-09 
1.33E-M 
1 .%E- 
5.86E-09 
2.12E47 
2.62E-10 
3.09309 
3.1%- 
1 99E-06 
2.11E49 

3.23809 
2.62E-10 
3.12E-09 

on Iw) 
Mjurted rtiVity for 

cakubtct 
(CilCm3) 

1.31EQB 
1.99E-09 
4.45E47 
1.32EQB 
3.88E-09 
8.Tn-07 
1.81E-10 
7.44E-09 
3.3OE-12 
2.068-09 
4.45E-07 
l.32E-08 
3.88E09 
8.77E47 
4.3E47 
3.59E-11 
2.49E09 
8.76EM 
1.32E-08 
3.88E-09 
8.Tn-07 
1.32E-08 

8.77E-07 
1.99E-09 
1.32E08 
3.aaE49 

1 .ma 
3.87E49 
I .a47 
1.73E-10 
2.04E-09 

1.31E-06 
1.4oE49 

3 . m m  

a.mm 

2.& 

2.14EEo9 
1.73E-10 
2.06E-09 

ulk dauity 
(UCilcm3) 

1.31E42 
1.99E43 
4.45E-0 1 
1.32E42 
3.88843 
8.77E-01 
1.81E-C# 
7.44843 
3.3oE06 
2.06803 
4.45E-01 
1.32E-a 
3.88E43 
8.7fE-01 
4.37E01 
3.59E-M 
2.49E-03 
8.76841 
1.32E42 
3.88E43 
8.77E-01 
1.32E-a 

8.TIEO1 
1 . S E a  
l.32EQz 
3.wE43 

3.sa~-(# 

a.moi 
1 
3.87E-03 
1.4QEo1 
1.73EO( 
2.01E43 
2.06E43 
1 .31Ea  
1 .-a 

2.14E-03 
1.73EO) 
2.06E03 

Maximun 

3.18E+O 
w 

1.18E+Or 

).18E+(# 

I. 18E +(# 

1.18E+(# 

1.18E+(# 
I. 18E+OI 

1.18E+Od 
I.llE+OI 
I. 18E+Od 

I.l8E+OI 
I.l8E+@ 

1. HE+@ 
I;laE+a 
i.l8E+04 

Q Vohm 

16.757 
0 

16,757 

16.757 

16.757 

16,757 . 

16,757 
16,757 

16,757 
16.757 
16,757 

16,757 
16,7S7 

16,757 
16,757 
16,757 

Ci 

2.20EUl 

1 . Z E W  

7.45E-03 

7.328-03 

2.21804 

1.47E-02 
3.BE-05 

2.17E-04 
6.49Ea 
2.35E-03 

3.43EOII 
3.46Ea 

3 J 8 E a  
2.ma 
3.46EM 

PlopOKd 
A2 Limit 

(C i) 
5.40E-M 

1 &E03 

2.43E-01 

5.40E-01 

8.lOEOl 

5.4OE-01 
I .@E +(# 

2.7oE-01 
1.OBEQZ 
5.40E43 

valindrod 
;.IoE+Oo 

2.7OEQT 
vnlimitad 

4.08E-01 

7.69E-02 

3.a7E-m 

1.36E-02 

2.nE-04 

2.m-02 
3.09E-05 

8.05E-W 
6.01E-03 
4.3SE-01 

6.4OE-06 

1.33E43 



B- 5 



no 3 Ma&, 

Radionuclide 

Ac-227 
Ac-228 

Bi-2 10 
Bi-211 
Bi-212 
Bi-214 
R-223 
Pa-23 1 

PC234 
Pa-234m 
b 2 1 0  
b 2 1 1  
pb-212 
pb-214 
Po-210 
m211 
Po-212 
Po-214 
Po-215 
Po-216 
-21 8 
Re223 
Ra-224 
Ra-226 
Re228 

Rn-219 
RQ-220 
Rn-222 
Tb-227 
Tb-228 
Tb-230 
a 2 3 1  
Tb-232 
Tb-234 
'21-207 
n-208 
n-210 
U-234 
u-23s 
U-238 

9.75E- 

1997 c o w  
(Cilg) 

9.13E- 10 

0 

8.89E-09 

8.96E-09 

9.12E-IO 

4.87E-09 
5 .WE- 10 

9.00E-IO 
5.61E-10 
1.38E-07 

831E-10 
2.63E49 

1 .HE- 
1.14E-10 
2.63E-09 

vation Vduc 

(Cilcm3) 
2.60E-09 
1 ASE-09 
2.53E-08 
2.60E-03 
1.60E-09 
1.39E-08 
3.60E-11 
2.78E-09 
1.20E-11 
7.5OE-09 
2.53E-08 
2.60E-09 
1.60E-09 
I.39E-08 
2.55E-08 
7.00E-12 
1 J2E-09 
I .39E-08 
2.60E-09 
I BJE-09 
1.39E-08 
2.60E-09 
.1 dOE-09 
1.39E-08 
1.68E-09 
2.60E-09 
I AOE-09 
I .39E48 
2.56E-09 
1.60E-09 
3.94647 
3.25E-10 
234E49 
7.mE49 
2J9GO9 
5.74E- 10 

4.81- 
3.25E-10 
7.50E-09 

teen 
Adjusted activity for 

Cdallatec 

(Gild) 

I .HE-09 
1 .WE- 
1.64E-08 
1 .@E49 
1 .ME49 
9.00E49 
2.33E-11 
1 .ME49 
7.78E-12 
4.87E-09 
1 .64E-08 
1.69E-09 
I .04E-09 
9.00E-09 
1.66E-08 
4.54E- 12 
6.64E-10 
9.00E-09 
1 . H E 0 9  
1 .ME49 
9.00E49 
1 .HE49 
1 .WE49 
9.01E-09 
1 .@E@ 
1 .HE49 
1.04E59 
9.00E-09 
1 .a49 
1 .(WE49 
2 s 4 7  
2.IIE-10 
152E49 
4 . m -  
1.- 

3.m-10 

3.12E09 
2. I 1E-10 
4 . m -  

It density 
(uCilcm3) 
1 .@E43 
1.09E-03 
1 .64EM 
1 .@EM 
1 .ME43 
9.00EM 
2.33E-05 
1 .WE43 
7.788-06 
4.87E-03 

I .64EM 
I .@E43 
1 .ME43 
9.00E43 
1.66EM 
4.54E-06 
6.64EO1 
9 .WE43 
1.69EU3 
1.04EM 
9.00E-03 
1.69E-W 
1 .WE43 
9.01E-W 
1 .BE43 
1 H E 4 3  
1 .ME43 
9.ooE-03 
1 .&E43 
1.04E-03 
2.54€01 
2.11E-04 
1.52EG 
4 . m  
1 .daE(Io 
3.nm 

3 . 1 s -  
2.11E01 
4.87E43 

2. 

M u i m  

0 
2.12E+C 

2E +a 

2.12E+O 

2.12E+O 

2.12E+O 

2.12E +o 
2.12E+O 

L.l2E+@ 

L.12E +@ 
L.12E+@ 

1.12E+@ 

1.12E+@ 

C. 12E +@ 

1.12E+@ 
C.I2E+@ 

1 

11,465 

11.465 

11.465 

11,465 

11.465 

11.465 
11.465 
1 1 ,a. 

11,465 

11,465 

11.465 
11.465 
11,465 

Ci 

1.93E-05 

2.m-0 

1 ASE-04 

1 .MEW 

1.93E-05 

1 JnE-04 
1 S E - 0 5  

1.91E-05 
1.19E-05 
2.93E-W 

1.74E-05 
5.5aE-05 

3.57E-05 

2.42E-06 
5.S8E-05 

'ropaedE 

Limit (Ci' 
5.40E-04 

1.62EM 

2.43E-01 

5.40E-01 

8.10E-01 

5.40E-01 
1.08E+00 

2.70E01 
1.08E-a 
5.4OE43 

unlimited 

i.4OE+OO 

2.7OE-02 
dmimd 

unlimited 

- 

Propsod A2 
fiaCti0ll5 

3.58E-02 

1. E-02 

7.75E-04 

3.52E-04 

2.39E-05 

1.91E44 
I.ISE-05 

7 . a -  
l.10E-03 
5.43E01 

1.03E06 

1.32E-03 

0.00 I 0.60 
N e :  S h d i  idicua i d d  vdua for --. 

PA2-3G.U I m 4  
8-6 



I 

rype A2 Quantity Limimtioo for Cans - propodea Regulrtims (54 FR 47454, Docke! No. HM-169A). 
il03 

Rdionuclids 

Ac-227 
A d 2 8  

Bi-210 
Bi-211 
Bi-212 

- Bi-214 _ _ _  - 
Fr-223 
Pa-231 
Pa-234 

Pe234m 
-210 
Pb-21 1 
-212 
Pb-214 
Po-2 I 0 

-21 1 
Pe212 
-214 
-215 
-216 
Po-21 8 
R.-223 
Ra-224 
Re226 
RI-228 
Rn-219 
RD-220 
Rn-222 
Th-227 
Th-228 
Th-230 

lh-23 1 
‘Ib-232 

m234 
TI-241 
71-208 
TI-210 
U-234 

u-23s 

U-238 

1997 Corm 

(Cilg) 
9.13E-10 

- -  _ _  

9.75E- 10 

8.89E-09 

8.96E-09 

9.12E- 10 

4.87E-09 
5.88E-10 

9.OOE-10 
5.61E-10 
1.38E-07 

8.21E- 10 
2.63E-09 

1.69E-09 - 
1.14E-10 
2.63E-09 

,ation Vdu8 
(Ci/an3) 
2.60E-09 
1 .&E49 
2.53E-08 
2.60E-09 
1.60E-09 
1.39E48 
3.60E-11 
2.78E-09 
1.20E-11 
7.50E-09 
2.53E48 
2.60E-09 
1 AOE-09 
1.39848 
2.55E-08 
7.00E-12 
1 D2E-09 
1 -39E-08 
2.60E-09 
1 dOE-09 
1.39E-08 
2.60E-09 
1 hOE-09 
1.39E48 
1.6SE-09 
2.60E-09 
1 .WE09 
1.39E-08 
2.56E-09 
1.6oE-09 
3.91E-07 
3YE-10 
2.34E-09 
7.50E-09. 
2.59E-09 
5.74E-IO 

4.81E09 
3.ZE-10 
7.50E-W 

u l C U 1 . d  

(CiIan3) 

1 .?2E09 
l.llE-09 
1.67E-08 
1.72E-09 
1 .ME09 

9.18E-09 
-- 
2.38E-11 
1 .ME49 
7.93E- 12 
4.96E-09 
1.67E-08 
1.72E-09 
1 .ME49 

9.18E-09 
1.69EU8 
4.63E-12 
6.m-10 
9.17E-09 
1 .ma 
1.06E-09 
9.18E-09 
1.72E-09 
1 .ME49 
9.18E-09 
1.11E-09 
1.72E-09 
1 .06E-o9 

9.laE-09 
1.70E-09 
1.06E-09 

2.61EQI 
2.1SE-10 
1 SSE-09 
4.96E-09 
1.71E-09 
3.8OE-10 

3.188-09 
2.15E-10 
4.96E-09 

iIk cbnsity 

(uCi /d )  
1 . B E 4  
l.llE-03 
1.67E42 
1 .REM 
1 .ME43 

9.18E43 
2.38EM 
1 .ME43 
7.93646 
4.96E-03 
1.67E42 
1 .nE-03 
1 
9.18E43 
1 .ME42 
4.63E4 
6.77E-04 
9.17E-03 

1.72E-03 
1 
9.18E-03 
1.72E-03 
1 

9.18E-03 
1.11E-03 
1.72Em 
1 .ma 
9.18E43 
1.7oEQ3 
1 .ME03 
2.61E-01 
2.15E-04 
1 J5E-a  
4.96E-03 

l.llE-03 
3.80EW 

3.18E43 
2.15Ea 
4.96E-03 

Muimue 

(e, 
3.44E+(# 

-- . - __ -. 

3.446+04 

3.448+04 

3.44E+O4 

3.UE+04 

3.44E+04 
1.44E+04 

1.UE+W 
3.UE+W 
LUE+04 

3.44E+W 
3.44E+W 

3.UE+04 
3.UE+OI 
3.44E+04 

2 VOlUaKJ 

0 
18548 

- ._ _ _  

18,248 

18.248 

18.248 

18248 

18.248 
18.248 

18348 
18348 
18348 

18248 

18,248 

18,248 

1 8 s  
18.248 

Ci 

3.14E-05 

-_ 

3.35EM 

3.odE-04 

3.08E-04 

3.14E-05 

1 .68E-04 
2.02E-05 

3.09E-05 
1.93E-05 
4.76E-03 

2.82E-05 
9.05E-05 

5.8OE-05 
3.92E-06 
9.05E-05 

Limit ccg 
5.40E44 

1.62E-03 

2.43E-01, 

5.4OE-01 

8.1OE-01 

5.4OE-01 
I .08E +oO 

2.70E-01 
1.08EU2 
5.4OE-03 

Urrlimited 
i.4OE+OO 

2.70E-02 
Vnlimited 
unlimited 

ProPcbdM 
f r c c i O l X  

5.81E-02 

- .____ 

2.07Em. . 
I .26E-03 

5.70E-04 

3.87E-05 

3.10E-04 
1.87E45 

l.lSE& 
1.79E-03 
8.81E-01 

1.68E-05 

t.lSE-03 

. .  - I 0.01 1 I 0.97 

0-7 
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APPENDIX C 

MANUFACTURER DESIGN SPECIFICATIONS FOR 
ENDUROK-112" AND SQUAREPAK-112'" CONTAINERS 
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APPENDIX D 

c .-. - 3- 

lw 
'h I 

2 1 5  

DOE-NV LETTER APPROVING BYPRODUCT MATERIAL 
AS "SMALL VOLUME" 



EESOLUTION TO THE REQUEST FOR APPROVAL TCI DISPOSE OF t t(c)2 
BYFAOOUCY MATE3U. AT THE NEVAOCI TEST SITE * 

WMO:WAG 

0-2 




