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PREFACE

This Record of Decision for InterimAction to Renove Fuel and Flush Salts fromthe Mlten Salt
Reactor Experinment Facility at the Cak Ridge National Laboratory, Cak Ri dge, Tennessee
(DOE/ ORI 02-1671&D2) was prepared in accordance with requirenents under the Conprehensive

Envi ronnent al Response, Conpensation, and Liability Act of 1980. The U.S. Departnent of Energy,
U S. Envirommental Protection Agency, and the state of Tennessee agree here to select the action
for renoving fuel and flush salts and placing the salt in a nore controlled storage condition
until final disposition of the salt is arranged. Work on this task was perforned under Wrk
Breakdown Structure 1.4.12.6.2.01 (Activity Data Sheet 3700, "Mdlten Salt Reactor Experinent D&D
Support™"). This docunent presents a description of the selected remedy, which includes renoving
flush salt and fuel salt fromtheir respective storage containers in the Mlten Salt Reactor
Experinent facility, renoving uraniumfromthe salts, treating the uraniumto forman oxide for
saf er storage, placing the uraniumoxide into storage, containerizing the fuel and flush salts
wi thout uranium and tenporarily storing this salt at the Cak R dge National Laboratory until
final disposition of the salt. This docunent relies on and is consistent with information in the
Feasibility Study for Fuel and Flush Salt Renoval fromthe Mdlten Salt Reactor Experinent at

the Gak R dge National Laboratory, Qak R dge, Tennessee (DOE/ OR/ 02-1559&D2), the Interim Action
Proposed Plan for Fuel and Flush Salt Disposition fromthe Mlten Salt Reactor Experinent, Qak
Ri dge National Laboratory, Oak Ridge, Tennessee (DOE/ OR/ 02-1601&D3), and Eval uation of the U S.
Departnment of Energy's Alternatives for the Renoval and Disposition of Mlten Salt Reactor
Experinment Fluoride Salts prepared by the National Research Council in 1997.
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PART 1. DECLARATI ON
SI TE NAME AND LOCATI ON

U S. Departnent of Energy

CGak Ri dge Reservation

Mol ten Salt Reactor Experinent Facility-Building 7503

Mol ten Salt Reactor Experinent Decontam nati on and Deconm ssi oni ng Support
CGak Ri dge, Tennessee

STATEMENT COF BASI S AND PURPCSE

This record of decision (ROD) presents the selected interimrenedial action for addressing fuel
and flush fluoride salts fromthree drain tanks fornerly used as part of the Mdlten Salt Reactor
Experinment (MSRE). The tanks are located in the MBRE facility (Building 7503) at the Cak R dge
Nati onal Laboratory (ORNL) on the U S. Departnent of Energy (DCE) Cak R dge Reservation (ORR).
Remedi ating the MBRE facility is a high priority because of the unacceptabl e risk associ at ed
with the highly radioactive salt stored in the drain tanks. The location, condition, and age of
t he equi pent connected to the tanks and the chemistry of the salt nake control of safety
factors difficult. The objective of this interimaction is to reduce potential on- and off-site
risk fromthe salt.

This interimaction was chosen in accordance with the Conprehensive Environnental Response,
Conpensation, and Liability Act of 1980 (CERCLA), as anended by the Superfund Arendnents and
Reaut hori zation Act of 1986 (42 United States Code, Sect. 9601 et seq.) and, to the extent
practicable, the National G| and Hazardous Substances Pollution Contingency Plan (40 Code of
Federal Regul ations 300). The ROD is based on the Adm nistrative Record for this site.

DCE issues this docunent as the |ead agency. The U.S. Environnental Protection Agency (EPA) and
the Tennessee Departnent of Environment and Conservation (TDEC) are support agencies as parties
to the Federal Facility Agreement (FFA) for this response action. DCE and EPA have jointly

sel ected the renmedy for the MSRE fuel and flush salts renpoval. TDEC concurs with the sel ected

r ermredy.

ASSESSMENT OF THE STUDY AREA/ OPERABLE UNI' T

A streamined risk assessnent was conducted to determi ne whether current or future renedial
actions are necessary to protect human health and the environnent if current institutional
controls are renoved. The scenari os considered include on- and off-site receptors. The risk
assessnent denonstrates that wi thout institutional controls the salts in the MSRE drain tanks
pose an unacceptable risk to human health and the environment now and in the future. Thus a
response action is required to address the salt stored in the three drain tanks at the MSRE
facility. The objective of this interimaction is to reduce current potential on- and off-site
risk fromthe salts, pending final action.

Actual or threatened rel eases of hazardous substances fromthe MSRE facility that are not
addressed by inplenmenting the response action selected in this ROD nay present an unacceptabl e
risk to public health, welfare, and the environnent.

DESCRI PTI ON OF SELECTED REMEDY
The selected interimrenedial action includes nelting and chenmically treating the salt in the

drain tank cell, separating the uraniumfromthe salts, transferring the uraniumto the 233 U
repository at ORNL, packaging the residual salt, and placing the salt in interimstorage at ORNL



until arrangenents are nade for final disposition. Specific details and nethods for this interim
remedial action will be included in the renedial design and renedial action plans. As the salt
nelts in a drain tank, the nolten salt will be treated with hydrogen fluoride (HF) to bal ance
salt chemstry. The uraniumin the salts will then be renoved fromthe salt and converted to an
oxide that is chemcally stable and conpatible with long-termstorage at the 233 U repository at
ORNL Bui I di ng 3019 and nanaged as a part of the existing 233 U repository inventory. The
residual salt will be stabilized/ packaged to control fluorine gas generation and the containers
placed in interimstorage. The location of interimstorage will be at an existing storage
facility at ORNL. Placenent of the salt for its final disposition will be docunented in a
subsequent final CERCLA decision docunent Nati onal Environnmental Policy Act of 1969 (NEPA)
deci si on docunent. These future decisions will incorporate full public participation and will be
based on the existing feasibility study (FS)

After renoval of salts fromthe MBRE drain tanks, the tanks and associ ated equi pnent will be
nmanaged in place as part of the facility maintenance program The storage tanks and reactor
conmponents will be addressed as part of a subsequent decontam nation and deconm ssi oni ng (D&D)
action of the building.

STATUTCRY DETERM NATI ONS

This interimaction protects human health and the environnment, conplies with federal and state
requirenents that are legally applicable or rel evant and appropriate requirenents (ARARs), and
is cost-effective. Wthin its limted scope, this interimaction uses pernanent sol utions and
alternative treatnent technol ogies to the maxi num extent practicable by renoving the salts from
the MBRE drain tanks, treating the salts to renove the uranium and stabilizing/packagi ng the
salts for final disposition. Therefore, the selected interimrenedy satisfies the statutory
preference for renedi es enploying treatnents that reduce toxicity, nmobility, or volune as a
principal elenent. D sposal and, if necessary, further treatnent of MSRE salts after the urani um
has been renoved will be performed as part of another action. This interimaction addresses the
principal threat fromcriticality or release of contaminants into the environnent posed by the
salts stored in the MBRE drain tanks. Renoval of radioactive salts will permt the remaining
structures to be included in a later action. Because this is an interimaction ROD, review of
this facility will continue as DCE devel ops final renedial alternatives for D& of Buil ding
7503.

<I M5 SCR 98018B>



PART 2. DECI SI ON SUMVARY
SI TE NAME AND LOCATI ON

The MBRE site is located in Roane County, Tennessee, on the DOE ORR approximately 1 km (0.6
mles) south of the ORNL nain plant across Haw Ridge in Melton Valley. The ORNL nain plant is
approxi mately 24 km (15 miles) west of Knoxville, Tennessee, and 16 km (10 m | es) sout hwest of
the Cak Ri dge, Tennessee, business center (Fig. 2.1).

The MBRE reactor and associ ated conponents are located in cells beneath the floor in the

hi gh-bay area of Building 7503. The MBRE site with Building 7503 and ot her support buildings are
located at the intersection of Melton Valley Road and H gh Flux |sotope Reactor Access Road
(Fig. 2.2).

S| TE DESCRI PTI ON, HI STCRY, AND ENFORCEMENT ACTI VI TI ES

Bui | di ng 7503 was constructed in 1951 to contain the Aircraft Reactor Experinent and expanded in
1955 for the Aircraft Reactor Test, which was canceled in Septenber 1957. In 1961,
experinentation on a nolten salt reactor was revived at MSRE to devel op a commercial nolten salt
breeder reactor. Adjacent buildings supported the MSRE operation. The reactor, using 233 U as
fuel, achieved criticality on June 1, 1965. In August 1968, the 233 U fuel was replaced with 233
U. The reactor operation pernmanently shut down Decenber 12, 1969.

The MBRE reactor |oop consisted of a reactor vessel, prinmary heat exchanger, punp, associated
pi ping, and an off-gas system (Fig. 2.3). During operation, the fluoride salt mxture containing
uranium fuel was heated to a liquid state. The nolten salt was transferred fromthe fuel drain
tanks into the reactor circuit and criticality would occur in the reactor vessel. Fuel salt,
further heated by the nuclear reaction, exited the reactor vessel to the heat exchanger to
transfer excess heat to a secondary fluoride coolant salt. Wien the reactor was shut down, fuel
salt was renoved fromthe reactor circuit by allowing it to drain by gravity back into the fuel
drain tanks. To renove residual fuel salt fromthe reactor circuit, nolten flush salt was
circulated through the reactor circuit and returned to the flush salt drain tank. At the tine
operations ceased, the fuel and flush salts were allowed to cool and solidify in the drain

t anks.

The fluoride salt used for the fuel and flush salts in MSRE is generally simlar except for the
urani um fuel and other radionuclide content differences. After shutdown, the fluoride fuel salt
and possibly the flush salt rel eased fluorine and urani um hexafl uori de gases into the drain

206/ R1l), which is available in the Adm nistrative Record for the site. In addition to
contami nation originating fromthe Upper EFPC CA by groundwater, other potential sources

near by coul d contam nate groundwater or surface water. The TDEC Divi si on of Superfund has
been notified of the existence of potential contam nation sources in Union Valley outside the
ORR boundary and is initiating an investigation.

<I MG SCR 98018C
<I MG SCR 98018D>

The carbon tetrachl ori de-dom nated plume source is under the east end of the Y-12 Pl ant where
very high concentrations of carbon tetrachloride (up to 8,500 ppb) and | ower concentrations of
ot her contam nants (chloroform PCE, and TCE) have been detected. The plune contam nants have
been detected in nmuch | ower concentrations (up to 200 ppb) in a well at depths of 30-46 m

(100-150 ft), 550 m (1,800 ft) east of the Y-12 Plant boundary in Union Valley. Sanples from



shal  oner and deeper wells at this location did not contain contam nants clearly linked to this
source, although low | evels of PCE and TCE were detected in the shallow [9-m (30-ft)-deep]

well's. Carbon tetrachloride was detected at 7 ppb in springs at the headwaters of Scarboro Creek
near Illinois Avenue 850 m (2,800 ft) east of the Y-12 Plant boundary. The contani nated
groundwater is thought to surface at the creek; a groundwater divide is thought to be just cast
of Scarboro Creek. No carbon tetrachloride was detected in the shallow internediate, or deep
wells that are 400 m (1,300 ft) east of Scarboro Oreek. Goundwater contam nation originating
fromthe Y-12 Plant is thus thought to have mgrated no farther east than Scarboro Creek.

None of the current |andowners in Union Valley extract groundwater for residential use; no
groundwat er extraction wells are planned. Rogers Group, Inc., quarry on |ot Excess (613) near
the eastern end of Union Valley, 3,700 m (12,000 ft) east of the Y-12 Plant, punps out sone
groundwater to naintain a dewatered working area. The water is discharged to surface water and
is not used for drinking or other industrial purposes. No contam nati on has been detected in the
quarry groundwat er

The Union Valley interimrenedial action boundary is shown on Figure 2.2. The boundary is
intended to address any contanination originating fromthe Upper EFPC CA that could be
transported of f site by groundwater. The only known groundwater plune originating fromthe Upper
EFPC CA is the carbon tetrachl ori de-dom nated plune that extends fromthe eastern Y-12 Pl ant
boundary (all directions refer to admnistrative north) to Illinois Avenue. Carbon
tetrachloride, a Cass B2 (probable) human carci nogen, has been detected in two springs that
feed Scarboro Creek.

The western boundary of this renedial action is the eastern Y-12 Plant property line. The
eastern limt of the boundary is |ot Excess (613), the quarry property. From 1943 to 1946, |arge
tank head spaces and associ ated off-gas system Fluorine generation was expected based on

know edge about the chemical stability of fluoride salt. An annealing process was part of shut-
down procedures between 1971 and 1989. This process heated fuel salt to bel ow nelting
tenperatures to force the fluorine in the salt matrix to reconbine before it would mgrate from
the salt. It appears that during the annealing process, unknown to operators, uranium

hexafl uoride gas was fornmed and liberated fromthe salt.

<I MG SCR 98018E>

In 1994, investigation of the MSRE site indicated that anonal ous | evel s of urani um hexafl uoride
and fluorine gases were present throughout the off-gas piping connected to the fuel and flush
salt drain tanks. In addition, uraniumhad mgrated through the off-gas systemto an auxiliary
charcoal bed that resulted in a criticality concern because of the quantity of uranium detected
Interimcorrective neasures were imedi ately taken to ensure the safety of workers and
personnel . Shortly afterwards, docunentati on of actions taken and continuing actions were
included in a CERCLA tine-critical renpval action nmenorandum A plan was then devel oped for
remedi ating the MBRE site to reduce the risk presented by the continuing presence of the fue
and flush salts in storage at MSRE. Pl anners organi zed mtigation of the mgrated MSRE urani um
(as urani um hexafluoride) and fluorine gas into three separate CERCLA actions

Tine-Critical Renmoval Action. This CERCLA action, approved in July 1995 (DCE 1995), is

conpl eted. The interimcorrective neasures provided risk reduction for enpl oyees and workers at
MBRE by addressi ng various aspects of containtnent, nuclear criticality control, and chem cal
reaction prevention. A reactive gas renoval system installed in 1996 as part of the
tinme-critical action, continues to renove and trap urani um hexafl uoride and fluorine gases from
MBRE of f -gas pi pi ng.

Non-Time-COritical Renoval Action. Renoval of the uraniumdeposit and associ ated fluorine



contam nated charcoal fromthe auxiliary charcoal bed was approved as a CERCLA non tine-critica
renoval action (DOE 1996). Renoval of uraniumand fluorine contam nated charcoal is planned for
conpletion in February 1999. This action will elimnate the potential of a criticality accident
or chemical reaction in the charcoal bed cell and reduce the risk to human health and
environnent fromexposure to the toxic and radi oacti ve urani um

Renedi al Action. This ROD for interimaction focuses on renoval of fuel and flush salts fromthe
MBRE drain tanks to elimnate the major source of contaminants for the MSRE site. Potenti al
sources of urani um hexafluoride and fluorine gases will be elimnated fromthe drain tanks
thereby reducing the risk to workers, enployees, and the public. Contami nants that renmain at the
MBRE site following this interimaction and their associated risks will be addressed in a
subsequent CERCLA action. The fuel and flush salts fromMSRE will be treated to reduce risks
during storage while awaiting shipnent for final disposition

H GHLI GHTS OF COVWUNI TY PARTI CI PATI ON

The interimaction proposed plan for the MBRE site was rel eased to the public in Decenber 1997
This docurment is part of the Adnministrative Record for this decontam nation and deconm ssion
action, which is nmaintained at the DCE I nformati on Resource Center, 105 Broadway Avenue, QCak

Ri dge, Tennessee 37830. Notice of availability for this plan and other docunents in the

Adm ni strative Record was published in The Knoxville News-Sentinel Decenber 22, 1997, The Qak
Ri dger Decenber 22, 1997, The Roane County News Decenber 24, 1997, and The dinton Couri er-News
Decenber 24, 1997. The public comrent period was hel d between Decenber 23, 1997, and January 30
1998. A public neeting held January 14, 1998, to discuss the proposed plan resulted in verbal
comrents. Two witten coments were received during the public comment period. Responses to the
witten comments and verbal comments fromthe public neeting relating to this interimaction are
presented in Part 3, "Responsiveness Summary," of this docunent.

At the request of DOE, the National Research Council Forned a committee of distinguished
scientists and engineers in the spring of 1996 to review alternatives for renoval and

di sposition of MBRE fluoride salts. The first of two public nmeetings held by the coomttee
convened Septenber 9 and 10, 1996, in Cak R dge at the Garden Plaza Hotel. This neeting was
advertised in |ocal newspapers and was well attended by the public. The second public meeting
was hel d Cctober 8, 1996, Washington D.C., to respond to questions previously raised by pane
menbers. In February 1997, the National Research Council released their report (NRC 1997).
Reconmendati ons nmade in the report are consistent with alternatives presented in the FS and
support the interimaction approach recommended in the proposed plan and selected in this ROD.

SCOPE AND RCOLE OF THE SI TE | NTERI M REMEDI AL ACTI ON

The scope of this interimrenedial action is to renove the fuel and flush salts fromthe drain
tanks, separate the uraniumfromthe fuel and flush salts, convert the uraniumto an oxide for
storage as part of the existing 233 U repository inventory, stabilize/package the residual salt,
and place the residual salt in interimstorage until an end-point location is selected for fina
di sposal. This interimaction will elimnate the risk of a criticality incident and the hazards
associ ated with urani um hexafl uoride and fluorine gas rel ease at the MSRE site. Decontam nation
and denolition of Building 7503 and the MSRE reactor conponents will be perforned as part of a
later, separate CERCLA final action. Ongoi ng nanagenent and final disposition of the uranium
oxide will be determ ned pursuant to the programfor nanagi ng the existing 233 U repository
inventory (rather than further CERCLA action).

SUMVARY CF SI TE CHARACTERI STI CS

This renedi al action addresses the two contam nated waste salts at the MSRE site-fuel salt and



flush salt. The fuel and flush salts are stored in tanks in the drain tank cell below the floor
of Building 7503. The fuel salt is divided between two drain tanks, and the flush salt is stored
in one flush drain tank. Al three tanks are simlarly constructed; however, the fuel drain
tanks are equi pped with steam dones and thinbles to renobve heat produced by radioactive decay.
Heat production within the fuel salt is no |onger a concern.

Both salts are conposed of Li, Be, and Zr fluoride salts. The fuel and flush salts differ in the
anmount of fuel and fission products contained in each, and the fuel salts have a higher
percentage of zirconium The flush salt contains a snall anount of the fuel and fission products
because it was used to flush residual fuel salt out of the reactor and the associated piping
systemafter the fuel salt was drained into the storage drain tanks. It is estinmated that the
flush salts contain approximately 500 g (1.1 1b) or 2.9 G of uraniumand 13 g (< 0.1 1b) or 1
G of plutonium Figure 2.4 describes the proportions of salts constituents at the end of
reactor operation. Table 2.1 lists the salt weight, volume, and density, and Table 2.2 lists the
principal isotopes in the salts after irradiation in the reactor. The nmass of uraniumin the
fuel and flush salts shown in Table 2.2 [approxinmately 37.5 kg (82 Ib)] represents the anmount of
uranium|[1.1 percent of the fluoride salts as uraniumtetrafluoride (UF 4)] that was transferred
to the drain tanks at the end of reactor operation. Since reactor shutdown, uraniumhas m grated
fromthe fuel salt to the drain tank head space, off-gas system and an auxiliary charcoal bed
in the formof uranium hexafluoride. The current mass of uraniumin the fuel salts is calculated
to be approxinmately 20 kg (44 |1b) (0.6 percent of the fluoride salts as UF 4).

Fluorine liberation fromthe salts has left metallic Li, Be, and Zr in the salt and created a
net reducing condition in the salt. As a result the potential exists for uraniumto precipitate
during the nelting process. The present reducing potential of the stored salt is |atent because
the netal is essentially imobile; however, once the salt is heated to nelting tenperatures, the
reduction reaction may proceed. During nelting, the reducing potential could cause up to 12 kg
(26 I b) of uraniumnetal to precipitate and/or diffuse into the tank wall. This could result in
a nuclear criticality and the inability to renove the uraniumfromthe drain tanks. The presence
of zirconiumin the salts nay | essen the anount of uraniumthat is reduced. To prevent the
uraniumfromprecipitating and/or diffusing into the tank walls, the previously |iberated
fluorine will be replaced by bubbling HF through the salt during a gradual nelting of the salt.

<I MG SCR 98018F>
2. Conpliance with Applicable or Relevant and Appropriate Requirenents

On-site interimrenedial actions under CERCLA are required to conply with only
those ARARs specific to the interimaction being inplenmented

Alternative 2 would not trigger any |ocation-specific ARARs because this alternative
woul d not affect any sensitive resources. Water quality standards and Safe Drinking
Wat er Act maxi mum contam nant |evels (MCLs) (which could be ARARs for the

groundwat er and the springs during a final action) and other chem cal -specific ARARs
are outside the scope of this interimaction because no actions will be taken to alter
contamnation levels. The final action for this site will be taken as part of the
Upper EFPC ROD. which will address Union Valley groundwater. MCLs will be ARARs

for setting cleanup goals for that action. Chapter 1200-1-13-08(3)(a).(iv) of TDEC
final Rule, "lnactive Hazardous Substance Site Renedial Action Program" effective
February 19, 1994, requires institutional controls whenever a renedial action does not
address concentrati ons of hazardous substances that pose or nmay pose an unreasonabl e
threat to public health, safety, or the environnent. This rule, however, is applicable
to actions "...consistent with a pennanent renedy..." and is not applicable to this
interimaction. Alternative 2 is in admnistrative renedy for an interimaction and



BALANCI NG

therefore, there are no location-, chenmical-, or action-specific ARARs pertaining to
the proposed actions

A statutory requirenent under CERCLA [Sect. 121(b)(1)] requiring protection of
human heal th and the environment would not be net by the no action alternative
wi t hout sone assurance that exposure pat hways would remain inconplete in the future

CRITERI A
Long- Term Ef f ecti veness and Per manence

For Alternative 2, long-termeffectiveness is evaluated for the period begi nning when
initial institutional controls (i.e., executing |license agreenents) are inplenented
per this interimaction ROD and endi ng when final renedial actions are inplenented per
the Upper EFPC CA ROD. The interimactions include notification by property

owners of use or change of use of surface water or groundwater, prohibition of any
unaccept abl e actions, and annual title searches and notifications by DCE as a due-
diligence nmeasure to identify undisclosed changes in ownership and rem nd owners of
their obligations. These actions are considered very effective for this interim

peri od.



Table 2.1. Primary inventory of stored fuel and flush salts, MBRE site, ORNL,
CGak Ri dge, Tennessee

Tank Salt wei ght Salt Vol ume Salt vol unme
Salt density
(kg) (m 3) (% of tank vol une *)
(g/cm 3 at 2650

Fuel salt
Fuel Drain Tank 1 2,479 1.0 44
Fuel Drain Tank 2 2,172 0.9 39
2.48
Total fuel salt in drain tanks 4, 650 1.9 NA
Fl ush sal t
Fuel Fl ush Tank 4, 265 1.9 82.5
2.22 b
Al three tanks in the DIC 8, 915 3.8 NA
NA

Source: Table 3 of Wllians, D. F., G D. Del CQul, and L. M Toth. 1996. A Descriptive Mdel of
the Molten Salt Reactor Experinent After Shutdown: Review of FY 1995 Progress. ORNL/ TM 13142.
CGak Ridge National Laboratory. Chem cal Technol ogy Division, Cak Ridge, TN., and Table 1 of
ORNL. 1993. Request for Nuclear Safety Review and Approval, MSRE Fuel and Flush Salt Storage,
Commi ttee NSR No. 0039WWDOO13A. Cak Ridge, TN. The weight and vol une estinates shown are those
that best correspond to process history. ORNL (1993) provides a range of weights for the fuel
and flush salts, the m ni numof which corresponds to the weights in the above table. The

maxi mum wei ght for the fuel salt is < 5 percent higher than the mninmum the naxi numfor the
flush salt is < 1 percent higher.

a See Table B.2 of U S. Departnent of Energy 1997b. Feasibility Study for Fuel and Flush Salt
Renmoval fromthe Mlten Salt Reactor Experinment at the Cak Ridge National Laboratory, Gak R dge,
Tennessee, DOE/ OR/ 02-1559&D2. CGak Ridge, TN

b See also Table 8.1 of Thoma, R E. 1971. Mlten Salt Reactor Program Chemi cal Aspects of NMSRE
Operations, ORNL-4658, UG 80-Reactor Technol ogy. Qak Ridge, TN

5C = degrees Cel sius m = neter

cm = centineter MBRE = Mblten Salt Reactor
Experi ment

DTC = drain tank cell NA = not applicable

g = gram ORNL = Cak Ridge Nati onal
Laboratory

kg = kil ogram % = percent

< = less than



Tabl e 2. 2.

At om c no.

38
39
40
43
51
52
55
56
61
62
63

92

Activity of principal isotopes in the fuel and flush salts, MSRE site, ORNL, Cak Ri dge, Tennessee
Synbol Mass no. Half-life Activity (Q) At om ¢ no. Synbol Mass no. Hal f-life Activity (Q)
(Decenber 1994) (Decenber 1994)
Fi ssi on Products Acti mi de decay daughters
Strontium 90 28.5 years 7, 550 81 Thal I i um 208 3.05 m 50
Yttrium 90 2.7 days 7,550 82 Lead 209 3. 25 hours 0.7
Zi rconi um 93 1.5 E6 years 0.3 212 10. 6 hours 139
Technet i um 99 2.1 E5 years 0.5 83 Bi srut h 212 1.01 hours 139
Ant i mony 125 2.73 years 1.0 213 45.6 m 0.7
Tel lurium 125 58 days 0.3 84 Pol oni um 212 45 seconds 89.1
Cesi um 137 30 years 6, 290 213 4 1s 0.7
Bari um 137m 2.6 m 5, 940 216 150 s 139
Promet hi um 147 2.62 years 50. 3 85 Ast ati ne 217 32 ns 0.7
Samari um 151 90 years 121 86 Radon 220 55. 6 seconds 139
Eur opi um 152 13. 3 years 1.5 87 Franci um 221 4.9 m 0.7
154 8.8 years 4.7 88 Radi um 224 3. 66 days 139
155 4.96 years 9.3 225 14. 8 days 0.7
89 Actini um 225 10 days 0.7
90 Thori um 228 1.9 days 139
229 7,300 years 0.7
Total for fission products (2,711 @) 27,500 Total for actinide daughters (5.49 g) 979
Ur ani um i st opes* Transur ani um and ot her i sot opes*
Ur ani um 232 70 years 135 94 Pl ut oni um 238 87.7 years 0.92
233 1.59 E5 years 302 239 24,110 years 41.7
234 2.45 E5 year 17. 4 240 6, 540 years 15. 3
241 h 14. 4 years 270
.95 Aneri ci um 241 433 years 21.5
Total for uraniumisotopes (37,548 Q) 454. 4 Total for transuranks (737 Q) 349. 4



Tabl e 2.2. (continued)

Source: Table 6 of Wlliams, D. F., G D. Del Cul, and L. M Toth. 1996. A Descriptive Mdel of the Mlten Salt Reactor Experinent After Shutdown: Review of FY
1995 Progress, ORNL/ TM 13142. Oak R dge National LAboratory, Chemi cal Technol ogy D vision, Cak Ridge, TN. The principal isotopes listed are these with a current
activity > 0.1 G. The total activity and weight for each isotope grouping includes other isotopes not |listed here.

a Uranium and plutoniuminventory val ues (except 232 U) are derived fromisotopic analysis and are 3 to 5 percent |ower than those calculated by Bell, M J. 1970.
Cal cul ated Radioactivity of the Mlten Salt Reactor Experinent Fuel Salt, ORNL/ TM2970. Cak Ridge National Laboratory, Cak Ridge, TN. All other projections are
derived fromthe Bell discharge inventory.

b Plutonium 241 is not a TRU waste el ement because its half-life is < 20 years.

d =curie nms = mllisecond

g = gram MBRE = Molten Salt Reactor Experiment
> = greater than no. = nunber

< = less than ORNL = Cak R dge National Laboratory
m = neter TRU = transuranic

s = m crosecond U = urani um



SUMVARY CF SI TE RI SKS

Anal ysi s shows that actual or threatened rel eases of hazardous substances fromthis site
if not addressed by the preferred alternative or another active neasure, present a current or
potential threat to public health, welfare, or the environnent.

HUVAN HEALTH RI SK

The streamined risk assessment for the MBRE site eval uated two scenarios. A near-term
scenari o postul ates an exposure that could occur in the next 100 years after institutiona
controls are lost. The other scenario postul ates an exposure that coul d occur beyond 100 years
Included on the risk assessnent are only contaminants of potential concern with a credible
exposure pathway and | ong enough half-life to cause significant exposure if released. For the
near-termscenario, a release to the environnent (air) froma failure in the off-gas piping
connected to the drain tanks was postul ated. Contam nants of potential concern eval uated for
this scenario included fluorine gas, uranium hexafluoride gas, and HF gas. For the second
scenario, a criticality event was assunmed to occur because of a failure in the drain tank cel
and drain tanks. Contami nants of potential concern were postul ated as being fission-product
gases generated by a criticality event. Both scenari os eval uated the consequences to:

. an on-site receptor 100 m (328 ft) fromthe MBRE site and

. an off-site receptor 1,200 m (3,900 ft), the distance to the nearest public road
fromthe MSRE site.

The exposure pat hways quantified in this assessment were based on the conceptual site
nodel . The pathways included (1) a release of fluorine, uranium hexafluoride, and HF gases
because of an off-gas piping failure, which results in passerby exposure through the inhalation
and i mmersi on pat hways (near-termscenario) and (2) a criticality accident caused by a failure
of the drain tank cell and drain tanks resulting in passerby exposure frominhal ati on and
imrersion in a cloud of radioactive gas (long-termscenario). No other exposure pathways were
eval uated. Based on EPA gui dance for streamined risk assessnments, there is no need to eval uate
all pathways when risk is clearly exceeded by one exposure pathway.

The stream ined risk assessment showed that nost of the estimated risks were above the
1 X10 -4 limt and were therefore unacceptable. For the near-termscenario, estimated risk for
the on-site receptor is 5 X 10 -1 and ranges from3 X 10 -3 to 2 X 10 -2 for the off-site
receptor. For the long-termscenario, the estimated risk for the criticality pathway is 1 X 10
-2 for the on-site receptor and 3 X 10 -5 for the off-site receptor

ECOLOA CAL R SK

The ecol ogi cal risk assessnent eval uated the potential for adverse effects on the
environnent fromexposure to contaminants in the MSRE drain tank cell. In the future, a
potential breach in a drain tank and a failure of the drain tank cell could contami nate
groundwat er and surface water at nearby unnaned tributaries to Wiite Cak O eek. The contani nated
groundwat er woul d adversely affect terrestrial plants and wildlife. Thus failure of the fue
flush tank or fuel drain tanks and the drain tank cell would adversely inpact terrestrial plants
and wildlife. This scenario would al so pose a risk to aquatic communities in nearby tributaries.
Aquatic receptors could be directly exposed by contact with and ingestion of contam nated water
and sedinment. Terrestrial wildlife could also ingest contam nated surface water. Terrestria
flora could be exposed to contam nated groundwater through root uptake

DESCRI PTI ON OF ALTERNATI VES



An interimaction alternative to reduce the risk posed by the fuel and flush salts at the
MBRE facility was devel oped and presented in the interimaction proposed plan (DOE 1997a).
Use of this interimaction will result in (1) reducing the risk at the MSRE facility and
(2) conpleting an action that is common in the alternatives that consider the ultinate
di sposition of the salt for disposal.

The alternatives developed in the FS were prepared for an action that ideally would be
carried to conpletion with no delays. However, the locations identified in each alternative for
final salt disposition are currently not operational. Decisions about waste acceptance cannot be
made until locations for salt disposition are operational. As a result, none of the alternatives
devel oped in the FS can be fully inplemented at this tine. Selection of a disposal |ocation for
MBRE salts must wait until one or both of the disposal facilities are opened and questions about
the acceptance of MSRE salts for disposal can be evaluated. In the interim fuel and flush salts
will be renoved fromthe MSRE facility. Uaniumwill also be renoved fromthe salts and nanaged
as part of the existing 223 U repository at ORNL. The salt renmining after the uranium renoval
process will be stored until it is shipped to a disposal |ocation.

Five alternatives were developed in the FS to renove and di spose of the fuel and flush
salts (DCE 1997b). The alternatives consisted of a no further action alternative and four action
alternatives. The alternatives as presented in the FS are:

. Alternative 1: No Further Action,

. Alternative 2. Disposal at Waste Isolation Pilot Plant as Transurani c Waste,

. Alternative 3: Disposal at the National Repository as Spent Nucl ear Fuel,

. Alternative 4. Disposal at the National Repository as H gh-Level Nuclear Waste, and
. Alternative 5: Disposal at a Conbination of Sites as H gh-Level Nuclear Waste and

Low Level Nucl ear Waste.

The no further action alternative was eval uated as not neeting the purpose and the

obj ectives of this renedial action and therefore was not considered further. The four action
alternatives (Alternatives 2-5) each began by renoving the salts fromthe MSRE facility and then
taking the actions necessary to transfer the salts to the designated end point for disposal. The
end-point locations for disposal of the salts or conmponents of the salts are either the Waste
Isolation Pilot Plant (WPP) in New Mexico as a defense-related transuranic (TRU) waste or a
nati onal repository as either spent nuclear fuel or high-level nuclear waste. A decision nowto
select a location for disposal of the MBRE salts could not be nmade with certainty that waste
acceptance criteria would be net. Evaluation and selection of a location for disposal of the
MBRE salt will be docunented subsequently when an end-point |ocation for disposal of the salt

is identified.

Anot her consideration for the MSRE site interimrenedial action to renove salt fromthe
fuel and flush salt drain tanks is that renmoval can be conpleted w thout precluding the ultinmate
di sposal options. As indicated in each action alternative, renoval of the fuel and flush salt
fromthe storage cell drain tanks is the first activity necessary for ultimate disposal of the
salt. This renedial action will include the salt in all three drain tanks, starting with the
flush salt drain tank which contains | ess radionuclides than either of the fuel salt drain
tanks. Melting the salt in a drain tank will start with a snall volune and increase slowy until
all the salt is nolten. To chemcally rebalance the salt, H- will be introduced into the nolten
salt as it nelts. Waniumw ||l be separated fromthe nolten salt using to the extent possible
the same process and equi pnment used to renove 235 U in 1968. Fluorine gas will be added to the



nolten salt to oxidize UF 4 into urani um hexafluoride gas which will be trapped as it passes

t hrough vertical colums packed with sodiumfluoride. The salt with the uraniumrenoved will be
noved fromthe drain tanks into storage containers. The salt, which still contains a |arge
quantity of radionuclides, will then be stabilized/ packaged to capture fluorine gas which nmay be
generated. (The waste containers will be placed in shielded casks for interimstorage.) The
casks will be set in an existing storage facility at ORNL and nanaged there until final

di sposition is arranged.

| NTERI M ACTI ON ALTERNATI VE

The MBRE interimrenedial action activities are consistent with the FS salt di sposal
alternatives. This action reduces risk and at the sane time proceeds toward the end point of
fuel and flush salts disposal. Inplenmentation of this interimaction will not preclude any of
the four action alternatives fromfuture consideration.

The ARARs devel oped in the FS have been reviewed and those pertinent to the interim
action are identified and presented in Tables 2.3 and 2. 4.

SUMVARY OF COVPARATI VE ANALYSI S OF ALTERNATI VES

| npl ementation of the interimaction would address the identified risks associated with
current conditions at the MBRE site. By separating uraniumfromthe fuel and flush salts,
converting it to an oxide, packaging it in criticality-safe containers, and storing it in a
facility designed for the storage of 233 U, risks associated with the rel ease of uranium
hexafl uoride are elimnated and risks of a nuclear criticality are managed in accordance with
appl i cabl e standards. By stabilizing/packaging the residual salt, fluorine gas generation can
al so be managed. This action would allow DCE to defer decisions regarding further treatnent and
di sposal of the salt to a later date.

The conparative analysis using the nine CERCLA criteria for this interimrenedial action
includes the no further action alternative and the interimaction. Table 2.5 summari zes the
eval uation of the no further action alternative and this interimaction (i.e., renoval of salt,
separation of uranium and interimstorage of salt).



Acti on

Al teration/destruction of
hi storic resources

Rel ease of radionuclides
during renoval and storage
activities

Table 2.3. ARARs for proposed activities, MBRE site, ORNL, Cak Ri dge, Tennessee

Requi r ement
Locati on-specific

Action(s) that will affect such resources nmust adhere to the DOE- CRO
Menor andum of Agreenent (May 6, 1994). Wen alteration or
destruction of the resource is unavoi dabl e, steps nust be taken to
mnimze or mtigate the inpacts and to preserve data and records of
the resource

Chemi cal - specific

DOE will carry out all DCE activities to ensure that radiation dose to
individuals will be ALARA

Exposures to nmenbers of the public fromall radiation sources shall not
cause an EDE to be > 100 nrem (1 nBv)/year

Managerment of TRU waste shall be conducted in such a manner as to
provi de reasonabl e assurance that the conmbi ned annual dose equi val ent
to any nmenber of the public in the general environnent resulting from
di scharges of radionuclide material and direct radiation from such
managenent shall not exceed 25 nremyear to the whol e body and

75 mremyear to any critical organ

Exposures to nenbers of the public fromall radiation sources rel eased
into the atnosphere shall not cause an EDE to be > 10 nrem
(0.1 nbv)/year

Radi ol ogi cal em ssion nmeasurtnents nust be perforned at all rel ease
points that have a potential to discharge radionuclides into the air in
quantities which could cause in EDE in excess of 1 % of the standard
(0.1 nremyear). Al radionuclides which could contribute > 10% of

the standard (1 nrem year) for the rel ease point shall be neasured

Applicability

Any action that will inpart historic
resources-applicable if there wll
be alteration or nodification

Rel ease of radionuclides into the
envi ronnent - TBC

Handl i ng and managenent of TRU
wast e-rel evant and
appropriate a,b

Poi nt source di scharge of
radi onuclides into the air froma
DCE facility-applicable

Gtation

National H storic Preservation
Act of 1966 (16 USC 457a-w);
Executive Order 11593;

36 CFR 800;

DCE- ORO Programati c

Agreenent (May 5, 1994)

DOE Order 5400.5(1. 4)
(proposed as 10 CFR 834)

DCE Order 5400.5(11. 1a)
(proposed as 10 CFR 834)

40 CFR 191.03(b)

40 CFR 61.92;
Rul es of the TDEC 1200-3-11-
.08

40 CFR 61.93;
Rul es of the TDEC 1200-3-11-
.08



Acti on

Characterization of TRU
wast e

Radi onucl i de- cont am nat ed
material; on-site storage

Tenporary storage of fuel/
flush salts as a TRU waste
pendi ng di sposal

I nterimstorage/ di sposal of
LLWgenerated fromthe
separation process

(i.e., PPE, w pes,

cont am nat ed har dwar e)

Table 2.3. (continued)
Requi r enent

Action-specific

TRU waste nust be evaluated to determ ne the kinds and quantities of

TRU radi onucl i des present before storage

Ext ernal exposures to the waste and concentrati ons of radioactive

material which may be rel eased into the environnment nust not exceed

an EDE of 25 nreniyear to any nenber of the public

TRU waste shall be segregated or clearly identified to avoid

commi ngling of the waste with high-level, |owlevel waste or other
noncertified TRU waste

TRU waste storage areas must be protected from unaut horized access

TRU waste nust be nonitored periodically to ensure that wastes are
not releasing their radioactive constituents

TRU waste storage areas must be designed, constructed, maintained,
and operated with a contingency plan to minimze the possibility of
fire, explosion, or accidental release of radioactive conponents

TRU waste storage areas must be operated in a way to maintain
radi ati on exposures to ALARA

Managerment of TRU waste shall be conducted in such a manner as to

provi de reasonabl e assurance that the conbi ned annual dose equival ent
resulting fromdischarges of radionuclide material and direct radiation

from such managenent shall not exceed 25 nremiyear to the whol e
body and 75 nrem year to any critical organ

Conpliance with the pertinent WAC for the storage facility

Applicability G tation

Ceneration of TRU waste-TBC DOE Order 5820.2A (111.3b)

Storage of uranium after separation
fromsalt-TBC

DOE Order 5820.2A (I1.3a)

Tenporary storage of TRU wastes
at generating sites-TBC

DOE Order 5820.2A (I1.3.€)

Handl i ng and managenent of TRU
wast e-rel evant and
appropriate a,b

40 CFR 191.03(b)

St orage/ di sposal of LLWTBC DOE Order 5820.2A (111.3.¢€)



Tabl e 2.3. (continued)

a 10 CFR 834.109 (proposed rule) requires that managenent of radioactive waste not exceed an EDE of 25 nreniyear fromall exposure pathways. Wen pronulgated, this rule will

be legally applicable.

b DCE Order 5400.5, Chapter Il 1(c)(1l), requires that TRU waste nanagerment and storage activities at facilities other than disposal facilities not cause nmenbers of the public to
receive, in a year, a dose equivalent > 25 ntremto the whol e body or a conmitted dose equivalent > 75 nremto any organ.

ALARA = as | ow as reasonably achi evabl e nSv = millisievert

ARAR = applicable or relevant and appropriate requirenent ORNL = Oak Ridge National Laboratory

CFR = Code of Federal Regul ations ORO = Gak R dge Operations

DCE = U. S. Departnent of Energy % = percent

EDE = effective dose equival ent PPE = personal protective equi pnent

> = greater than TBC = to be consi dered

< = less than TDEC = Tennessee Departnent of Environment and Conservation
LLW= | ow | evel (radioactive) waste TRU = transuranic

mem=nillirem USC = United States Code

MBRE = Mdlten Salt Reactor Experinent WAC = waste acceptance criteria



Table 2.4. Evaluation of the no further and preferred alternatives using the nine CERCLA criteria,
MBRE site, ORNL, CGak Ri dge, Tennessee
Criteria Eval uati on
No further action alternative Preferred alternative

Threshold criteria

Overal | protection of Poor. Existing controls will eventually be Good. Salts will be renmoved and placed in a safer, nore stable configuration. This will reduce the
human health and the i noperabl e and rel ease of radioactive materials potential for an accidental release and allow for easier control of F 2 gases. The uraniumfuel wll be
envi r onnent fromthe salts would occur separated and stored in an existing repository. This will elimnate generation of UF 6 gases

Conpl i ance with ARARs Poor. Conpliance over the long-term Yes. The proposed action conplies with ARARs

questi onabl e
Bal ancing criteria

Long-term effecti veness Poor. Tanks containing salts will eventually fail Good. Renoves the principal threat fromthe MSRE facility by appropriately packaging the salts and
and rel ease radioactive materials fromthe salts storing the packages in an appropriate facility. Renoval of the salt is a permanent action
Reducti on of contam nant Poor. Does not reduce toxicity, nmobility or Good. Treatnent to separate the uraniumfromthe salts reduces toxicity of the salts and nobility is
toxicity, mobility, or vol urme through treatnent reduced by converting urani um hexafl uoride to uraniumoxide. Volune is only increnmentally reduced
vol ume t hrough treatnent because it is a small percentage of the total volume of the salt
Short-term effectiveness Cood. The current controls collect uranium Moderate. During activities of this alternative, risks fromradi ation and contam nati on exposure
hexaf | uori de and fluorine gases associated with potential release will increase to workers and the public as the salt is heated, renoved

and cont ai neri zed. however, safety analysis and appropriate precautions will be inplemented to reduce
and control the risks

I npl ementability Good. Reactive gas renoval systemin place Moderate. The action is difficult yet feasible. Renoval has been acconplished previously, but not
and oper ati onal under current conditions. Interimstorage will be at an existing storage facility at ORNL
Cost Poor. The present worth of operations and Good. The total capital costs present worth of this action is $39.3 nillion

mai nt enance for 70 years is $70 mllion to
mai ntain institutional and engi neering controls

Modi fying criteria

St at e accept ance The state of Tennessee and EPA are parties with DOE to the FFA and have considered this action as
presented in the feasibility study and proposed plan before approving this ROD

Communi ty accept ance The interimaction proposed plan was presented to the public for review between Decenber 23, 1997
and January 30, 1998, and no changes in the plans resulted based on the comments that were received.
Comrents tended to support the proposed interimaction. Stakehol ders also participated in review of
t he docunents



ARAR = applicable or relevant and appropriate DCE = U. S. Departnent of Energy ORNL = Cak Ridge National Laboratory
requi r enent EPA = U. S. Environnental Protection Agency ROD = record of decision

CERCLA = Conpr ehensi ve Envi ronment al F 2 = fluorine UF 6 = urani um hexafl uoride
Response, Conpensation, and Liability Act of 1980 FFA = Federal Facility Agreenent

$ = dollar MBRE = Mblten Salt Reactor Experinent



Table 2.5. Estimated uraniumin the salts before and after separation, MSRE site, ORNL,
Cak Ri dge, Tennessee

Bef ore urani um separati on Af ter urani um separation
Concentration Mass Activity Concentration Mass Activity
(ppm) (kg) (nG/g) (ppm (ko) (nG/9)
Fuel
233 U 3, 600 16.8 34, 800 42 0.2 412
Total urani um 4,301 20 55, 250 50 0. 233 654
Fl ush
233 U 46 0.2 450 20 0. 08 192
Total wuranium 117 0.5 673 50 0.214 289
g = gram ORNL = Gak Ridge National Laboratory
kg = kil ogram ppm = parts per nillion
MBRE = Molten Salt Reactor Experinent U = urani um

nG = nanocurie



THE SELECTED REMEDY

The interimaction renedy selected for the MSRE fuel and flush salts renediation is to
renmove the salt in a chenmically stable form separate the uraniumfromthe salts and store it
separately as part of the existing 233 U repository inventory, place the salt in containers, and
store the containerized; salt until disposal is arranged. This action will enploy the activities
common to the first steps in the renoval and disposition of the fuel and flush salts for the
four action alternatives presented in the FS. The final action required for salt disposal wll
be docunented in a subsequent final CERCLA decision docunment and, as appropriate, in a NEPA
deci sion docunent.

Renoval of salt fromthe drain tank cell wll require new corrosive resistant equi pnent
to add heat and control the salt chem stry. To the extent possible, existing drain tanks and
ot her equi pnent will be exam ned and repaired for reuse, but requirenments for operating the
apparatus renotely and adding HF to the nelting salt exceed the original equi pent capability.
The goal of the project is to renove 99 percent of the salts fromeach drain tank. This will
reduce the uraniummnmass left in each tank to below criticality safe limts.

The separation of uraniumfromthe fuel and flush salts will use the sane process and, to
the extent practicable, the sane equi pment used to renove 235 U in 1968. This process invol ves
adding fluorine to the nolten salts. Uraniumhexafluoride gas is liberated fromthe salts and
then trapped on vertical colums packed with sodiumfluoride. The goal is to reduce the residua
urani um concentration in the salts to bel ow 50 ppm Depending on salt chem stry, it nmay be
possi ble to reproduce the results achieved in 1968 (26 ppn). Table 2.6 shows the estimated 233 U
and total uraniumconcentrations before and after the separati on process.

Urani um nust be converted to uraniumoxide to be placed in storage at the ORNL repository.
Al t hough this conversion process is common in the uraniumindustry, a nodification tailored to a
smal | scale, renote chem cal operation will be applied to this application. The chemically
stabl e converted uraniumw || be packaged in suitable containers and prepared for storage with
simlar packages in a 233 Urepository in Building 3019. Storage of this separated uraniumwill
result in approximately 17 kg (37 Ib) of 233 U added to the 500 kg (1,100 Ib) of 233 U currently
stored at the facility.

Once the uraniumis separated fromthe salts, the residual salts will be poured into
storage containers (approxi mately 48 containers for the fuel and flush salt), and chemcally
st abi |l i zed/ packaged to capture fluorine gas which nay be generated and to nmeet transportation
requirenents for eventual shipnent to a disposal area. Because a disposal facility is not
avai |l abl e to nmake waste acceptance determ nations or to receive waste, the waste packages will
be | oaded into shielded casks for interimstorage. These casks will be placed in interimstorage
at an ORNL operating storage facility. At present, facilities for renote handl ed waste incl ude
the RH TRU bunkers (Bl dgs. 7883 and 7855), shielded storage well (e.g., 7827), and shi el ded
concrete vaults set on pads (e.g., 7842A). If adequate and appropriate capacity does not exi st
in one of the above facilities, a pad may be constructed or extended within the existing
boundaries of SWSA 5 or SWBA 6 specifically for the storage of MBRE salt residue waste casks.
Final definition of the shielded cask and storage site will be conpleted as part of the renedia
desi gn



Table 2.6. Interimrenedial action schedule, MSRE site, ORNL, Cak Ri dge, Tennessee

Start Fi ni sh
Melt and transfer salts for processing Jul'y 2000 May 2002
Separate uranium from sal t Cct ober 2000 February 2003
Transfer uraniumto 233 U repository Cct ober 2000 February 2003
Stabi | i ze and package sal t Cct ober 2000 February 2003
Interimstorage of salts Cct ober 2000 Undet er m ned
Remedi al action report February 2003 May 2003

Notes: Dates include operations. The durations do not include design, construction, etc

VBRE
ORNL

Mol ten Salt Reactor Experinent U = urani um
Cak Ridge National Laboratory

Total capital cost (present worth) to inplenent these interimactivities is $39.3 mllion and
the annual operation and mai ntenance cost (present worth) are expected to be zero. The tota
capital cost includes only the activities discussed in this section. Costs associated with
interimstorage are not borne by this project; the $10,000 yearly costs are borne by other
DCE- funded prograns. Qther activities such as transportation to an end poi nt disposal |ocation
identified in the original four action alternatives are not included in this cost. Table 2.6
presents the schedule for these activities.

Deci si ons concerning treatnent and di sposal of the salt is delayed to a |later date. This
has the advantage that these decisions could be based on better informati on as waste acceptance
criteria are developed and finalized for the national repository and WPP, new treatnent
t echnol ogi es energe, and further devel opnent is conpleted for existing treatnent technol ogies
presented in the FS

STATUTCORY DETERM NATI ONS

Section 121 of CERCLA establishes several statutory requirenments and preferences
i ncluding conpliance with ARARs. CERCLA requires the renmedy (1) be cost-effective; (2) be
protective of human health and the environnment; (3) use pernanent solutions and alternative
treatnent technol ogi es or resource recovery technol ogies to the maxi murn extent practicable; and
(4) use treatnent that pernmanently reduces the toxicity, mobility, or volune of hazardous
substances. Interimrenedial actions under CERCLA are required to attain only those ARARs
specific to the action being inplenented, and the above criteria apply to the selection of a
final renedy. The selected interimaction satisfies the above criteria

This interimaction provides short- and |ong-termprotection of human health and the
envi ronnent through renoval of a contami nant source and limtation of the potential spread of
contami nation. This action will conply with all ARARs. The action is cost-effective. The
action uses treatnent to renove and stabilize uraniumfor storage in the 233 U repository at
ORNL and is pernmanent within the scope of the action because it renmoves the fuel and flush salts
fromthe MBRE facility. The proposed action al so reduces the potential contam nant rel ease and
is therefore appropriate as an interimaction



EXPLANATI ON CF S| GNI FI CANT CHANGES

A review of all comrents resulted in no significant changes to the renedy originally

identified in the proposed plan as the interimaction alternative.
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RESPONSI VENESS SUMVARY

The InterimAction Proposed Plan for Fuel and Flush Salt Disposition fromthe Mlten Salt
React or Experinment, Oak R dge National Laboratory, Qak Ridge, Tennessee (DCE 1997a) was rel eased
for public review Decenber 22, 1997. The conment period for the public to consider the
alternatives devel oped for interi mrenedi ati on of MSRE was announced in | ocal newspapers to
begi n Decenber 23, 1997, and end January 30, 1998. The notice of availability for this plan and
ot her docunents in the Admi nistrative Record was published daily in The Knoxville News-Sentine
and The Cak R dger Decenber 23, 1997, and biweekly and weekly in The Roane County News and The
Cinton Courier-News Decenber 24, 1997. A public neeting was held in Cak Ri dge January 14, 1998
This public neeting was al so announced i n newspapers January 11 and 12, 1998.

Thr ough newspaper announcenents and other public relations efforts, DOE invited the public
to participate in the review of plans being recommended for interimrenedi ati on of MSRE. The
interimaction proposed plan and other related docunentation in the Adm nistrative Record were
nmade available for review at the DCE Information Resource Center, 105 Broadway Avenue, Qak
Ri dge, Tennessee. Witten comments fromthe public could be received at the Information Resource
Center or sent to Ms. Margaret WIson, DCE FFA Manager. DCE al so accepted witten comments at
the public neeting and responded to verbal comments. A transcript of the public neeting is
included in the Adm nistrative Record

DCE received two witten comments during the public coment period. Responses to these
comments are included here. In addition, verbal comments that address the current renedia
action plan are included here to supplenent the initial DOE response nade at the public neeting
Public coments and DCE responses that were nade at the public neeting and which do not address
the plan for interimaction are not included here

LETTER 1

Comment: DCE and ORNL have approached the plan for MBRE fuel and flush salt disposition in
a thoughtful, forthright and honorabl e way.

Response: The support of the proposed plan is appreciated
LETTER 2

Comment: After review of the docunents concerning the interimaction proposed plan for fue

and flush salt disposition and attending the public neeting, | fully concur with the decision to
select the preferred limted alternative which includes renmoval and interimstorage of the fue
and flush salts. | also studied the National Research Council report that evaluated the

alternatives for MBRE fuel and flush salts renoval and disposition. This report only solidified
ny opinion that the proposed plan was the correct one

I was pl eased that TDEC and EPA approved the proposed plan. | am concerned that the
regul atory process for approvals is not open to the public |like the DCE deci sion process.
would like to be part of the regulatory process to gain know edge of their reasoning and have
the opportunity to discuss the reasons for decisions with the regul ators.

Response: The support of the proposed plan is appreciated. Your desire for greater
i nvol venent with TDEC and EPA has been di scussed with these agencies. The foll ow ng, provided by
EPA, reaffirmnms support of public involenent and provi des recommended avenues to becone invol ved
in the CERCLA deci sion process

The regul atory process for sel ecting CERCLA response actions is open to the public TDEC and



EPA revi ew and comment on all docurments prepared in support of CERCLA response actions. TDEC and
EPA correspondence is always available to the public. TDEC and EPA participate in all fornal
public neetings and nany infornati on workshops. Additionally, TDEC and EPA are represented on
the Cak R dge Site-Specific Advisory Board. Public involvenment in the regulatory process nmay be
achi eved through any of these neans, as well as by direct oral or witten conmunications to TDEC
and/ or EPA representatives.

The public is an integral part of the regulatory process. Community acceptance of response
action decisions is one of the nine CERCLA renedy selection criteria that nust be evaluated for
all renedial actions. However, as regulatory agenci es providing oversight of the concur with
those proposals. TDEC and EPA will provide the basis for their concurrence or nonconcurrence and
are avail able to discuss those decisions with the public.

SUMVARY COF COMMENTS FROM THE PUBLI C MEETI NG

Comment 1: Three neeting participants comented that the proposed interimaction plan is
appropriate and includes a reasonabl e approach for renoving the salt fromthe MSRE. In addition
even though the proposal does not include a recommendation for final disposal of the salt, it is
the correct action to take because it reduces the risk of a release of contaninants to the
environnent; and that the plan provided for dye precautions to solve a conpl ex problem

Response 1. The support of the proposed plan is appreciated

Comment 2: Three neeting participants rai sed concerns about an alleged nuclear criticality
acci dent at the MBRE and al | eged past rel eases/contam nation incidents

Response 2: Previous investigations determned that there has not been a criticality
accident at the MSRE, and that contami nation incidents were mnor and linited to two workers in
the facility. It is acknow edged, however, that there is the risk for a nuclear criticality
acci dent and substantial releases to the environment/public of fluorine gas and radioactive
contam nation associated with the salts in the MSRE drain tanks. This is the reason that instead
of the No Action alternative, the proposed plan is to renove the salt fromthe drain tanks,
renmove the uraniumfromthe salt, stabilize/package the salt to control fluorine generation, and
place the salt containers in interimstorage.

Comment 3: Suggestions for alternate renediation options were stated during the public
neeting by different commenters. These various options are presented with a brief response.

(A) Has including the salt in the privatization initiative for transuranic waste treatnent
after it is renoved from MSRE been consi dered?

(B) Suggest nelting the salt and placing it into containers for storage as spent nucl ear
fuel. This would get it out of the way so you can go ahead and decontam nate and deconmi ssi on
the MBRE building. But you will still have the fluorine probl emwherever you store the salt, and
that may not be a job you want to do.

(© Suggest fluorination to renobve the uraniumfromthe reactor and mx this uraniumwith
depl eted urani um from K-25, denature the uranium and nake the urani umsafe. Then after that
precipitate the uraniumw th either amoni a or sodi um hydroxi de and nake orange cake, and
di spose of the orange cake in the burial grounds.

(D) [This idea was presented as not necessarily practical.] Suggest placing one or two
hundred tons of crushed linestone in the cell (containing the fuel and flush salt storage tanks)
to fill it. That woul d take care of uranium hexafl uoride, excess fluorine, and probably would



take care of a rising water table
Response 3

(A) Yes, inquiries about including the MSRE salts in the privatization project have been
made; however, because the salts are unique in their chem cal nake-up with very little
simlarity to other wastes at ORNL, inclusion of the salts is no |onger considered.

(B) The suggestion to containerize and store the nmaterial as SNF inplies not renoving the
urani um before containerization. This was evaluated in the FS and di scussed with the state of
Tennessee and EPA. It was deternmined that renmoving the uraniumfromthe salt during the current
operations would be a snall increnental cost to the project. Not renoving the uranium however
may prevent future disposal at WPP or prevent processing at INEEL for future disposal at the
Nati onal Repository. (Note: the work plan will address generation of fluorine during interim
st orage.)

(© The quantity of uranium (233 U that will be renoved fromthe MSRE fuel and flush salts
is a very snall anount conpared with the quantity already stored in the 233 U repository. The
process required to conplete the suggested blending is not insignificant. Application of the
suggested process to address only the uraniumfromthe fuel and flush salt would be inordinately
conplicated and costly. The nore appropriate inplenentation of this suggestion is to address al
of the 233 Uin the repository. Treatnent of the repository inventory is beyond the scope of
this action.

(D) This interimrenedial action is interimin part because it is only the first action for
the D& of Building 7503, and this is the first action in renoving, storage and disposition of
the fuel and flush salts. Before Building 7503 and MBRE can be decontani nated and
deconmi ssi oned, the fuel and flush salts nmust be renoved. The salts cannot be left in place not
only because urani um hexafl uoride and fluorine gases are |liberated, but al so because of the
hazards associated with and the regul atory gui dance for disposition of spent nuclear fuel and/or
TRU waste. Leaving the fuel and flush salt in Building 7503 is not a viable option under these
circunstances, even if crushed |inestone would be an effective tenporary or pernanent cover



