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R. William Borchardt, Executive Director of Operations 

 
Subject: ower Reactor 
 
Reference:  1) Letter from B&W (Cochran) to NRC (Klein) dated October 2, 2008 

) Letter from B&W to NRC dated December 13, 2007, Notice of Intent to 
Submit an Application to License and Operate a Medical Isotope Production 

 Production System 
ted October 2, 

ecisions on 
is to provide our 

 the MIPS. 

ith low enriched 
 system for the 

rest perspective 
US source for this 

n important resource 
and would reduce nuclear proliferation concerns associated with the production of 99Mo 

The AHR would be a non-power reactor operating at less than 1 MW, fueled with low 
enriched liquid uranyl nitrate solution. The low enriched solution generates 99Mo in the 
reactor during operation, is subsequently removed from the reactor, the 99Mo chemically 
extracted, and the fuel returned to the reactor for subsequent operation. The fuel solution is 
also periodically cleaned to remove fission products and small amounts of transuranic 
(TRU) isotopes to avoid long term build-up that could affect product quality. 
 
B&W has had previous discussions with the NRC concerning potential licensing of the 
MIPS. During those discussions we identified waste classification as an issue that is key to 

 

October 6, 2008 
Non-proprietary Version 
 

U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

 Classification of Waste from an Aqueous Homogeneous Non-P

2

System  
 
 
Dear Mr. Borchardt: 
 
In the above referenced letter dated December 13, 2007, Babcock and Wilcox (B&W) 
notified NRC of our intent to license and operate a Medical Isotopes
(MIPS) at our [                                                ] In a subsequent letter da
2008, B&W advised the Commission we would be seeking pre-licensing d
potential policy issues associated with MIPS. The purpose of this letter 
understanding of the legislation and regulations related to wastes from
 
The MIPS will be an aqueous homogeneous reactor (AHR) fueled w
uranium. It will also include the associated extraction and purification
purpose of producing 99Mo as a medical radioisotope.  From a public inte
an AHR serving as a medical isotope production reactor would provide a 
important medical radioisotope. This would provide the nation with a

using highly enriched uranium. 
 



 

the success of the project and indicated we would pursue early clarifi
The issue in question is the classification of the waste from this reactor w
concentration, meets the Class C criteria of 10 CFR Part 61 when proper
meet transportation and disposal requirements. Two MIPS waste stre
The first is used liquid fuel (ULF) which is generated very infrequently
enriched uranium, fission products, and small amounts of TRU. The seco
clean-up liquid waste (FCLW) which is generated more frequently a

cation and resolution. 
hich, by 
ly solidified to 

ams are in question. 
 and contains the low-

nd is the fuel 
nd contains fission 

products and small quantities of TRU but no uranium.  If these wastes are considered to be 
nt commercial 

NRC determination that the ULF and/or FCLW 
 definitions, can be 

r Waste Policy Act 

oint, LLW is 
 basis of what it is not 

not what it is.  We recognize that, in general, the characterization for waste as LLW or 
igree, and not on 

 nature and not 
ntical makeup and 
rom another 

h-level radioactive 
fined in section 

CLW are HLW or 

The first statutory definition of HLW appeared in the Marine Protection, Research, and 
 statute, Congress 

 related to aqueous  
ration of the first cycle solvent extraction system and 

action cycles in a facility for reprocessing power 
 fuel from nuclear 

HLW under the Marine Protection Act. 

                                                     

other than low-level waste (LLW), there does not appear to be a prese
pathway for their disposal. 
 
The purpose of this letter is to request a 
from this type of a reactor that, by concentration, meets the Class C
classified and disposed of as LLW in light of the definitions in the Nuclea
of 1982 (NWPA).   
 
In our view, ULF and FCLW should be classified as LLW. As a starting p
defined by the Low Level Waste Policy Act of 1980 (LLWPA) on the
and 
High Level Waste (HLW) is based on the source of the waste (i.e., its ped
its concentration).  Because the definitions for HLW and LLW are legal in
specifically based on risk, there are circumstances where material of ide
concentration can be classified as either LLW from one source or HLW f
source. 
 
LLW is defined by the LLWPA as “ radioactive waste not classified as hig
waste, transuranic waste, spent nuclear fuel, or byproduct material as de
11e.(2) of the Atomic Energy Act of 1954.”  The 1985 amendments to the LLWPA of 1980 
used a similar definition.  Thus, the question is whether the ULF and/or F
spent nuclear fuel (SNF).1  
 

Sanctuaries Act of 1972 (Marine Protection Act), 33 USC 1402(j).  In that
adopted the definition that AEC used in Appendix F to 10 CFR Part 50,
waste resulting from the ope
concentrated waste from subsequent extr
reactor fuels.  However, Congress added to the AEC definition “irradiated
power reactors.” 2  ULF and FCLW are not coming from a power reactor and, therefore, not 

 
1 ULF and FCLW will not be transuranic wastes as they will not contain elements with greater than atomic 
number 92 in concentrations of more than 100 nano-curies per gram, 10 CFR 61, Table 1. ULF and FCLW 
also will not be 11e.(2) byproduct material. 
 
2 The complete definition  from the Marine Protection Act reads: 
"High-level radioactive waste" means the aqueous waste resulting from the operation of the first cycle solvent 
extraction system, or equivalent and the concentrated waste from subsequent extraction cycles, or equivalent, 
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Ten years later, Congress adopted the Nuclear Waste Policy Act of 1982 (42 USC 10101) 

f spent nuclear fuel, 
d material derived 

ssion products in sufficient concentrations; and 
t with existing law, 

been withdrawn 
 elements of which have not 

ded the Atomic 
section 11 of that 

Unlike the Marine Protection Act, the NWPA did not expressly narrow spent fuel to power 
 explanation for the 
eactor spent fuel 
PA, there does 

 of irradiating the liquid fuel and not from reprocessing so that it does not 
 then is whether 

e” as its 
the NRC since 1978 

ledge NRC has never 

 

meaning of SNF is that it is a solid mass made up of individual solid fuel rods.  We would 
suspect that very few, if any, legislators were aware of aqueous reactors and we suspect 
that even within the NRC those that knew of the technology were not involved in the 
                                                                                                                                                                                 

(NWPA).   Section 2 of the Section 2(12) of the NWPA defined HLW as: 
 

(A) the highly radioactive material resulting from the reprocessing o
including liquid waste produced directly in reprocessing and any soli
from such liquid waste that contains fi
(B) other highly radioactive material that the Commission, consisten
determines by rule requires permanent isolation. 

 
Section 2(23) of the NWPA defined “spent nuclear fuel” as “fuel that has 
from a nuclear reactor following irradiation, the constituent
been separated by reprocessing.” Following the NWPA, Congress amen
Energy Act of 1954 to define the terms “HLW” and “spent nuclear fuel” in 
Act providing the same definitions that were in the NWPA. 
 

reactors.  A review of the Senate and House reports did not provide any
definition, but clearly the focus of the NWPA was on addressing power r
rods.  Moreover, based on our review of the legislative history for the NW
not appear to be any discussion of liquid reactor fuel.  
 
ULF is the result
meet the definition of HLW in section 2(12) (A) of the NWPA.  The issue
ULF is either: 1) other “highly radioactive material” that the NRC has determined by rule to 
be HLW or 2) SNF. ULF is not likely to be considered “highly radioactiv
concentrations can be classified as Class C waste.  We recognize that 
has defined power reactor SNF to be HLW.3  However, to our know
defined ULF as HLW. 
 
In our view, given the ambiguity with the definition of the term SNF, NRC is not compelled
to classify ULF as SNF and should not do so.  First, the ordinary understanding and 

 
in a facility for reprocessing irradiated reactor fuels, or irradiated fuel from nuclear power reactors. (emphasis 
added) 
 
3 It is noteworthy that prior to 1978, NRC treated SNF as LLW and allowed it to be disposed at low-level 
waste sites.  
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rulemaking. The extent of knowledge is such that some NRC staff memb
that there were such research reactors used in early AEC research and 
but they had been phased out of operation. The last AHR ceased oper
There does not appear to be any indication that the NWPA was focus
reactors though the NWPA’s coverage is not limited to power reactors.   N
LLWPA focus on liquid spent fuel.  Importantly, the definition of HLW, a
covers “highly radioactive material.”  While all radioactive material is radio
is so “highly radioactive” that it requires “permanent isolation” as provide
(12)(B) of the NWPA, e.g. waste incidental to reprocessing (WIR).

ers likely knew 
testing programs, 

ation prior to 1978.  
ing on liquid fueled 

or did the 
s noted above, 

active, not all of it 
d for in section 2 

he fact that ULF 
osal under 10 CFR 
n an appropriate 
y based on 10 

nificantly enriched 
fuel so that it should 

d as SNF. Thus, in our view, the terms in the NWPA as applied to AHRs are 
HLW or SNF as those 

biguity, NRC 
concentrations as 

ving fission 
mounts of TRU, not uranium, from the ULF and then recirculating the 

remainder of the ULF for further irradiation. In our view, given the amounts involved and 
idered to be 

 necessary to 
. Thus, we would conclude that FCLW 

t most it should be 

on a literal reading of the NWPA, B&W respectively requests NRC’s views on the technical 
e disposed of in a 

 expected to be 
is not greater than 

 for disposal in an 
 this position.  This 

                                                     

4  T
radioactive  concentrations are within acceptable criteria for shallow disp
61 is clear evidence that permanent isolation is not required as disposal i
near surface disposal site should be protective of public health and safet
CFR 61.  In addition, given the short burn-up time, the ULF is still sig
such that it is anticipated that there will be commercial value left in the 
not be classifie
sufficiently ambiguous to allow the NRC to conclude that ULF is not 
terms are used in the NWPA. Consequently, in light of the regulatory am
should exercise its discretion and classify ULF that meets the Class C 
LLW and not HLW. 
 
We have a similar view for FCLW. FCLW is the result of periodically remo
products and small a

their concentrations being at Class C or below, FCLW should not be cons
“highly radioactive” as disposal in a permanent geologic repository is not
provide protection for the public health and safety
does not meet the definition of HLW in section 2(12) (A) of the NWPA. A
considered similar to WIR.  
 
If NRC concludes that it is constrained to conclude that ULF and/or FCLW is HLW based 

suitability, based on the public health and safety, for ULF and FCLW to b
LLW disposal facility meeting the requirements of 10 CFR 61.  
The attached profile sheet provides the isotopes and their concentrations
found in ULF which demonstrates that the classification of the material 
Class C under the provisions of 10 CFR Part 61 and is, therefore, suitable
appropriate near surface disposal site.  B&W asks that NRC confirm

 
4 Since at least 1969, AEC and thereafter DOE and NRC took the view that certain waste streams (i.e., WIR) 
that literally meet the definition of HLW were not so “highly radioactive” that the waste should be classified as 
HLW.  In fact, section 3116 of the National Defense Act of 2005 provides that WIR at certain DOE facilities 
(Savanna River and Idaho) is not HLW if certain provisions are met. Both DOE and NRC continue to take the 
view that WIR is not HLW at places not covered by section 3116. See NRC Policy Statement on 
Decommissioning Criteria for the West Valley Demonstration Project, 67 FR 5003, 5011 (February 1, 2002) 
and NUREG-1854, NRC Staff Guidance for Activities Related to U.S. DOE waste Determinations (2007). The 
basis for the NRC view in large part is that the material does not need to be disposed of in a geologic 
repository based on the ability to meet the performance objectives of 10 CFR Part 61. 
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information would be helpful in our discussions with the Department of Energy and others if 
we must seek disposal solutions for ULF other than burial as LLW. 

eed further information, please contact me at 
434-522-6439 or Steve Schilthelm at 434-522-6243.  We would also be pleased to meet 
with you concerning this request at your convenience. 
 

 
 
   

 

      [signature letter] 
        

W.E. Reynolds, 

ervices Group, 

 

1. Affidavit for Withholding In  10 CFR 2.390[not attached to non-proprietary 
ver
2. Used Liquid Fuel and Fuel Cleanup Liquid Waste Attribute Sheet 
 
 
cc:

 
 Bruce S. Mallett, Deputy Director for Reactor and Preparedness Programs 

 
Michael F. Weber, Director, Office of Nuclear Material Safety and Safeguards 
 
Eric J. Leeds, Director, Office of Nuclear Reactor Regulation 
 
Charles l. Miller, Director, Office of Federal and State Materials and Environmental 
Management Programs 

 
 
If you have any questions on this letter or n

 

   Sincerely, 
 

 
on file with proprietary 

      MIPS Program Manager 
Babcock and Wilcox Technical S
Inc. 

Attachments: 
 

formation under
sion] 

 Martin J. Virgilio, Deputy Executive Director for Materials, Waste, Research, State, 
Tribal and Compliance Programs 
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Attachment 2 
Used Liquid Fuel and Fuel Cleanup Liquid Waste Attribute 

Sheet, Page 1 of 2 
 

 
 

Fuel and Waste Attribute Description Fuel nup Frequency 

ingle 5-day 
eactor Burn Cycle 
receding Cle

52 5-day Reactor 
Burn Cycles 
Preceding Cleanup 
(1yr) 

 

Clea

 

S
R
P anup 

Used Liquid Fuel (ULF)  Solution Attribute Pre-Cleanup     
0 200 
0 220 

5 enrichment (%) 5 19.75 
0 130 

1 
0 52000 

hours after core shut
2 1.32E+03 

 hours after 
1.2 5 2.20E+05 

ft  core 
9.38E+05 1.69E+06 

eanup(mCi/g-U-235) 2.16 4 3.89E+04 
5.20E+00 

5) 921 
ermal Power Density in Fuel Solution 6h post irrad

5.6 10.2 

Reactor Power (kW) 20
22Uranium Concentration in Fuel (g/l) 

U-23 19.7
Fuel Volume (liters) 
Cleanup Cycl

13
52 es per year 

Solution Irradiation Pre-Cleanup (kW-days) 100
Fission Product Thermal Power in fuel solution 6 down 
(watts) 7.32E+0
Total Fission Products in Fuel Solution at time of cleanup, 6
core shutdown (Ci) 2E+0
Fission Product Concentration in Fuel at cleanup 6 hours a er
shutdown (uCi/ml) 
Fission Product Concentration in Fuel at cl E+0
Total Plutonium in Fuel Solution at Time of Cleanup (g) 1.10E-01 

19 Plutonium Concentration in Fuel at Cleanup (ug Pu/g-U-23
Fission Product Th iation 
(kW/cubic meter) 
Fuel Cleanup Liquid Waste (FCLW) Solution Attribute Post-Cleanup     

6 6 
0 260 

tion 6 hours after 
/cubic meter) 0 5.08E+00 

leanup 6 hours a
 shutdown (Ci) 5 2.20E+05 

Fission Product Concentration in Waste Solution at Time of Cleanup 6h 
post irradiation (uCi/ml) 4.69E+05 8.46E+05 
Total Fission Products in Waste Solution 180d after cleanup (Ci) 6.00E+02 3.12E+04 
Fission Product Thermal Power  in Waste Solution 180d after cleanup 
(Watts) 1.80E+00 9.36E+01 
Fission Product Thermal Power Density in Waste Solution 180d after 
cleanup (kW/cubic meter) 6.92E-03 3.60E-01 
Fission Product Concentration in Waste Solution 180d after cleanup 
(uCi/ml) 2.31E+03 1.20E+05 

 
 
 
 

Time of fuel cleanup after core shutdown (hours) 
Estimated Waste Solution Volume Generated  (liters) 26
Fission Product Thermal Power Density in Waste Solu
core shutdown (kW 2.82E+0
Total Fission Products in Waste Solution at Time of C
core

fter 
1.22E+0
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Attachment 2 
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Used Liquid Fuel and Fuel Cleanup Liquid Waste Attribute 
Sheet, Page 2 of 2 

 
 

10CFR61 Table 1 Isotopes in Fuel Cleanup Liquid Waste (FCLW) 
Solution 180d after cleanup (uCi/ml)     

14 67E-03 5.03E-01 
-59 t insignificant 

t insignificant 
insignific insignificant 

9 t insignificant 
9 t insignificant 

di
6.86E-03 3.57E-01 

insignifi insignificant 
-242 t insignificant 

-226 t insignificant 

C- 9.
Ni insignifican

insignificanNb-94 (activated) 
Co-60 ant 
I-12 insignifican
Tc-9 insignifican
Alpha TRU with half life >5 years (Note this dominates and 
minimum waste volume) 

ctates 

Pu-241 cant 
Cm insignifican
Ra insignifican
10CFR61 Table 2 Isotopes in Fuel Cleanup Liquid Waste (FCLW) 
Solution 180d after cleanup (uCi/ml)     

5.83E+02 3.03E+04 
significant insignificant 

insignifi insignificant 
insignificant insignificant 

0 1.74E+02 
3.36 0 1.75E+02 

Non-Specific Isotopes with half Life Less than 5 Years  
H-3 in
Co-60 cant 
Ni-63 
Sr-90 3.35E+0
Cs-137 E+0
Minimum Waste Volume after Concentration and Solidification  at 180d 
post-irradiation       

61 Class 
Criteria (kg) (Dominated by TRU) 6.86E+01 3.57E+03 
Minimum Waste Volume (cubic meters) per Cleanup Cycle to Achieve 
10CFR61 Class C Criteria (Assumes Concrete @2.2g/cc)  3.12E-02 1.62E+00 
Minimum Waste Drums per cleanup cycle to Achieve 10CFR61 Class C 
Criteria (7.5 Cubic feet per drum) 0.15 7.7 

Maximum Fission Product Thermal Power In Solidified Waste 180 days post 
irradiation.(kW/cubic meter) 5.77E-02 5.77E-02 

 
 
 
 
 
 
 
 
 

Minimum Waste Mass per Cleanup Cycle to Achieve 10CFR C 


