
T Al UM NIT CLAR E RQUEST 1- Issuieg VAnau1s Appval S
RequIred 2 Dcument IdentIficat 3 Preovous Document identfifatson

June 19, 1989 WHC-SA-0503FP WHC-SA-0503A

3 Titlednclud UCCategory) 4, Author's Name(s) 5 Phone 6 M9IN

. Control of Tritium at the FFTF P. R. Prevo 6-5667 N1-73
7 Desired Public Clearance Q Open Literature UmitemClar_ne 0 Applied Techaology R$: irtCReleaq?.

R nel Oral Public 3 Foreign Exchange Q FOIA O]M ia Other

I 18. Document (ChooseOne) Speech/Article Abs. O Sum. (WHC-SA*XXXX) O *port (WHC- x Xx>
Type E Full Paper Speakers Sureau Complete Sections 1. 23,4. ilomit with two

Complete Sections 1, 2, 3,4, submit with four copies of S/A to Doc. Clearance copies of doc. to Doc. Clearai ce

9, Meeina Name, LOCation Qate
9 N Meeing of the Health Physics Society, June 25-29, 1989, Albuquerque, NM1

10, Q To Be Published in Journal 'landouts for Attendees Official Publishing Month:

11 .WHCProgram: FFTF
12.Does this document contain Liquid Metal Reactor (LMR) infor nation? Q No [ Yes
(If "Yes and public clearance or limited clearance for foreign exchange is desired. answer questions 12A and 128.)

12A. Whenwastheinformaticngenerated? April 30, 1982, to April 30, 1989
128. What prior dissemination of the information has been made to LMR contractors? (Cite report number, page, date of issue ce, and

distribution, and/or meeting handouts, date and distribution.)
c
i None
E 13.Does this document or its source document contain applied technology nformation Q No M Yes
I (If -Yes- and public clearance or limited clearance for foreign exchange is desired, answer questions 13A, 138, 13C.)

0 O 13A. What prior dissemination of the information has been made under international exchange agreements)
Identify country, document, and date of release.

None

138. Does the information have substantive alue for international exchange? (Explain)

No - Information is general in nature
13C. What is the justification for the proposed release of this information? (Be specific)

General benefit to LMR Program
14.Does the document contain Nuclear Waste Policy Act information? (Explain)

No
Does this document contain or disclose any of the following? If 'Yes' identify information and location in document

I S.New or novel (patentable) sublect matter? E] No O Yes
I f"Yes', hasdisclosure been submitted by WHC or other company? ] No O Yes Disclosure No(s)

z 16.information received from a foreign country under an exchange 17.1nformation received from others in confidence, such as proprietary
0 agreement? data, trade secrets, and/or inventions?
U V No Q Yes (identify) No O Yes (identify)

18.Copyrighted material? [ No [ Yes 19. Trademarks?
If 'Yes', has written permission been granted? O No O Yes (Attach Permission) No O Yes (Identify)

20.Sponsoring Agency (if not U.S. Department of Energy):

21.OOE/HQ Assistant Secretary For:

22. Remarks
a

'A
i- Document is approved as conforming to all applicable requirements. The above information is certified to be correct.

a 23. Author immediate Manager issuing Manager (Level l11) 24 Date

Type Namee - n. a ded. R. L. Martin W 8H60006 (

Signature L24; 9~I 1 i ~ - _____

Attach additional sheet it mere sace ;I iw-d. pew51 I 04600.62 (06188)



DOCUMENT CLEARANCE REQUE$T Document ldantifiiatim
Part 2 - Clarance Reviews iand Approvas WHC-

Legemis Remove Afix Reviewer Disclaimers Remove Affi A Reviwor
UCNI O O L*gal -

Proprietary information 0 O O
Limited Disclosure O O 0 O

Applied Technology O O U 0
Copyright License Notice O O 0

Patent Status 0 O3 O
--_ -1 -==.

e Ap Manpoatory See
Reviewer R chaluked Remarks Signature Date

___e)Yes No Yes No /if Yes)

Publications Services

WHC Classification

WHC Patent/Legal

DOE Patent/Legal

Westinghouse Corporate

WHC Public Relations

References A

WHC Int. Prog. Coord.

WHC Prog. Off icefor Working
Group Rep.

C:) DOE Program Sponsor

,5 DOE Working Group Chairman

Working Group Name: "*F2

Remarks o

For Information Services Use Only

Released subject to reviewer requirements and dissemination guidelines. Released By Date
Public Clearance

Limited Clearance

DOE Directed Release

Date Request Received 00E F 1332.15 Formate
Page 2 80-7600-062R (06/88)



SPEECH ARTICLE

U.S. DEPARTMENT OF ENERGY owe c.mvi

DOE AND MAJOR CONTRACTOR RECOMMENDATIONS FOR me o

ANNOUNCEMENT AND DISTRIBUTION OF DOCUMENTS

. oo commalw. W. DO a and It coep 4. osn uc a# C Cal.wv I**.

WHC-SA-0503-FP DE-ACO6-87RL-10930
s.n"* CONTROL OF TRITIUM AT THE FAST FLUX TEST FACILITY

6. Type of Document ("x" one)
a. Scientific and technical report: 0 monthly 0 quarterly O annual 0 final 0 topical othc
b. Conference paper: Name of conference (no abbrOviations)
34TH ANNUAL MEETING OF THE HEALTH PHYSICS SOCIETY

Location (cit,/sc~ , 5ALBUQUERQUE, NEW MEXICO

Dae (moayy) 2- Sponsor
Contents: 0 proceedings 0 viewgraphs C paper 0 Poster sessions

C. Computer Media:
Document is accompanied by C magnetic tape(s)

C diskette(S)
C other (specify)

d. Other (e.g.. journal article, manuscript, manual, etc.) (specify)

7 topies Transmitted to OSTI ("x" one or more)
Tr O a. Copies transmitted for uncassified distribution. C d. Ten copies transmitted for OSTI processing and NTIS sales.

C b. Copies transmitted for special distribution. Z e. Copies transmitted for classified distribution as defined in M-3670.
c. Two reproducible copies transmitted. 7- f. One copy transmitted [or OSTI classified processing.

8. Document contains information pertaining to any of the following:
C Yes ("x*one or more) No (if no. unlimited distribution may be made within the U.S. In addition. copies may be made available
C a. Classified to Foreign requestors through exchange agreements or NTIS sales.)

C I (Announce to addresses in M*3679)
O b. Official Use Only (OUO)
C c. Export Control/ITARIEAR
C d. Proprietary Information
C e. Small Business Innovation Research (SBIR)
C f. Unclassified Controlled Nuclear tnfcrmation (UCNI)
C g. Patent Sensitvity

h h. Translations of copyrighted material
(Boxes b-h will be announced to Government agencies and their contractors)

S C i. Other (explain)
(This designation must be in accordance with written DOE Program Office guidance)

Upon demand. OSTI will make distribution of these documents in accordance with existing laws. regulations, and/or written program
office guidance.

9. Patent and Copyrighted Information

a. ("x" one) < 1. DOE patent clearance has been granted by responsible DOE patent group.
C 2. Document has been sent to responsible DOE patent group for clearance.
0 3. Patent clearance not required.

b. Does tthis material contain copyrighted information? ONo C Yes
If yes, has release been obtained for DOE reproduction? O No O Yes
(attach release)

10. Additional information, remarks. and special handling Instructions. (Do not Identify Sigma categories for Nuclear Weapon
Data reports, and do nor provide additional instructions which are Inconsistent with Itom 3 above.) (Continue on separato shoot,
if necessary)

11. Submitted by (Name and Position) (Please print or typo) **o* 'O9-376-5194

CHRISTINE WILLINGHAM, CLERK FTS SS-444-5194

tNFO.YATION RESOURCE ANAFMENT (.Adc ,, /4." 7/7/89



WHC-SA-U503-FP

Control of Tritium at the
Fast Flux Test Facility
P. R. Prevo

Date Published
June 1989

To be presented at
34th Annual Meeting of the
Health Physics Society
Albuquerque, New Mexico
June 25-29, 1989

Prepared for the U.S. Department of Energy
Assistant Secretary for Nuclear Energy

Westinghouse P.O. Box 1970
- Hanford Company Richland, Washington 99352

Hanford Operations and Engineering Contractor for the
U.S. Department of Energy under Contract DE-ACO6-87RL1 0930
Copyright L ose By aceplance 0i this artile the we andfor recpent acknowledges the U.S. Govetriments right to retain
a nonencksie, #oYahy-Iee "a"nse n ad to any copyrnght coveragds paper.

Approved for Public Release;
Further Dissemination Unlimited



DISCLAIMER
This report was prepared as an account of work sponsored by
an agency of the United States Government. Nither the
United States Government nor any agency thereof, nor any of
their employees, nor any of their contractors, subcontractors
or their employees, makes any warranty, expressed or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or any third party's use or the results
of such use of any information, apparatus, product, or process
disclosed, or represents that Its use would not infringe
privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency
thereof or its contractors or subcontractors. The views and
opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any
agency thereof.

P0inted in tie Unite4 States of America

DISCLM-2.CHP (2-89)



WHC-SA-0503-FP

COKTROL OF TRITIUM AT THE FAST FLUX TEST FACILITY

INTRODUCTION

The Fast Flux Test Facility (FFTF) is located on the Hanford Site near

Richland, Washington, and is operated by the Westinghouse Hanford Company for
the U.S. Department of Energy (DOE). The facility features a 400 MW(t) three-

loop sodium-cooled, mixed-oxide-fueled reactor that was designed 
for irradia-

tion testing of fuels and materials to support the commercial development 
of

liquid metal fast reactors. The mission has subsequently been expanded to

include a passive safety test program, irradiation of fusion and space reactor

materials, and isotope production.

The FFTF has been in operation for about 7 yr, which includes over 1,600 
d

of full power operation of the fast test reactor (FTR). Radiological operating

experience at the FFTF has been excellent. Collective dose equivalents received

by operating personnel have been very low (5 person-rem/yr average). No majo

contamination problems have been encountered -i operating and maintaining the

plant, and release of radioactivity to the environment has 
been well below

acceptable limits (Bunch and Prevo 1987). Skin contamination events have

averaged less than two per year. There have been no internal depositions.

This paper discusses the generation, transport and distribution, and

radiological aspects of tritium control at the FFTF.

TRITIUM GENERATION

Tritium is a byproduct of fission and activation and is not purposely

generated in the FFTF, except during experimental irradiation of some fusion

materials. The three main methods of tritium generation in the FFTF are

ternary fission in fuel, neutron reaction with boron in control rods, and

neutron reaction with lithium in fuel. Table I shows the calculated tritium

generation in the FFTF.

Table 1. Tritium Generation in the Fast Flux Test Facility.

Source Curies per full power day*

84C control rods** 
6.7

Ternary fission 6.6
Lithium impurities in fuel 3.6
Test assemblies 2.3
Safety rods 0.7
Lithium impurities in sodium 0.2
Boron impurities in fuel 0.0

Total 20.0

*Upper limit values.
**Average over cycle.
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TRITIUM TRANSPORT AND DISTRIBUTION

The following discussion on tritium transport refers to Figure 1 that
shows, greatly simplified, one of the three sodium cooling circuits of the FFTF
heat transport system. Argon is used as a cover gas in both the primary and
secondary sodium cooling circuits.

The high mobility and small atomic size of tritium allows it to diffuse
readily through many solid materials. A fraction of the tritium generated in
fuel and control assemblies diffuses through the stainless steel cladding into
the primary sodium coolant. Once in the primary coolant, the tritium diffuses
through the intermediate heat exchanger (IHX) to the secondary coolant. From
there it can diffuse through the dump heat exchangers (DHX) to the atmosphere.
Small amounts of tritium also diffuse through the walls of the primary and
secondary piping to surrounding cells, where it is eventually released to the
atmosphere.

A high percentage of the tritium generated in the fuel (95 to 99%) esc'pes
mixed oxide fuel clad with stainless steel (Wozadlo, Rubin, and Roy 1972).
A high percentage (-80%) of tritium is retained in B4C control rods (Hollenb!rg

7 1977). Approximately 70%, or 14 Ci of tritium enters the primary sodium per
day. Of the 14 Ci/d entering the primary sodium, most, -11 Ci/d, is removed by
precipitation as sodium tritide in the primary sodium cold trap. About 3 Ci/d
enters the secondary sodium. Of the 3 Ci/d entering the secondary sodium,
essentially all is removed by the three secondary sodium cold traps, I Ci/d by
each cold trap. Less than 0.1 Ci/d diffuses through the piping and the DHXs to
be released to the environment. Tritium distribution is summarized in Table 2.

C) The oxide film on stainless steel exposed to oxidizing atmospheres signifi-
cantly retards tritium penetration. This effect should reduce the diffusion
of tritium through the primary and secondary sodium pipes and limit release to
the atmosphere by this pathway.

Levels of tritium in the primary sodium are low compared with levels of
activation products. Hence, standard procedures required to control personnel
exposure and contamination are adequate for tritium. However, tritium is the
only radionuclide transferred to secondary sodium and is the only reason for
imposing radiological controls on that system. Tritium in the primary sodium
range from about 300 to 400 nCi/g of sodiuT. Levels in the primary sodium
cover gas range from about 40 to 70 pCi/cm . Levels in the secondary soqium
range from about 50 to 130 nCi/g of sodium and from about 8 to 14 pCi/cm in
the secondary cover gas. Radiological controls are required if the specific
activity exceeds 2 nCi/g. Hence, the transfer of tritium into the secondary
sodium results in the need to impose radiological controls on an otherwise
nonradioactive system.

Measured tritium levels in the primary and secondary sodium are consistent
with calculated results. Calculated levels range from 160 to 520 nCi/g of
primary sodium and 10 to 100 nCi/g of secondary sodium. The lower values
correspond to a cold trap efficiency of 73% and the higher values to a 20% cold
trap efficiency.

2
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Table 2. Tritium Distribution in the Fast Flux
Test Facility.

Source Curies per full power day

Generated 20

Entering primary sodium 14

Removed by primary sodium
cold trap 11

Removed by secondary sodium
cold traps 3

Released to atmosphere <0.1

TRITIUM AND RADIOACTIVE WASTE

Tritium-contaminated waste does not add significantly to the volume or
cost of handling and disposal of radioactive waste generated during operation
of the FFTF. However, tritium-contaminated waste will be of concern during
decontamination and decommissioning activities, principally in conjunction with
disposal of the primary and secondary sodium cold traps.

No tritium-contaminated solid waste requiring disposal has been generated
at the FFTF. However, as discussed above, tritium is accumulating in the sodium
coolant cold traps, which will require disposal. The cold traps are designed
for the life of the plant and could, therefore, contain several thousand curies
of tritium. Plans and procedures will have to be developed during
decontamination and decommissioning ac'ivities to ensure safe handling and
disposal of these components.

There are no radioactive liquid waste streams from the FFTF to the
environment. However, small volumes of liquid waste contaminated with tritium
are generated in the plant. Small volumes of water condensed by coolers that
remove heat from cells surrounding the primary sodium components and piping are
contaminated with low levels of tritium. About 10 gal of water with a maximum
tritium concentration of 300 nCi/g are generated per year. This waste is
transferred to the plant radioactive liquid waste system. This represents a
small addition to the approximately 6,000 gal/yr of radioactive liquid waste
generated at the FFTF that is transferred to the radioactive waste processing
facilities located in another area of the Hanford Site.

Calculations, discussed earlier, show that <0.1 Ci of tritium per day is
released to the envirornent. Results of all effluent air samples have shown
tritium concentrations below minimum detection levels, which is consistent
with the calculated 0.1 Ci/d release rate. Effluent air concentrations are at
least two orders of magnitude below uncontrolled area concentration guides.
The calculated offsite maximum individual whole body dose, as a result of this
release rate, is <0.001 mrem/yr, which is not of environmental concern. Results
of environmental air samples taken near the FFTF and analyzed for jritium have
shown no increase above normal atmospheric levels of about 2 pCi/m.

4
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TRITIUM AND PERSONNEL EXPOSURE

No internal tritium depositions have occurred at the FFTF. Results of in-
plant air samples, except those taken in the cells surrounding the primary
sodium pipes and components, have shown tritium concentrations below minimum
detection levels. The cells surrounding the primary sodium piring and
components are inerted with nitrogen during reactor operation as a precaution
against sodium fires. These cells are purged with air before personnel entry
and are well ventilated during personnel access, which reduces tritium air
concentrations well below derived air concentration (DAC) levels. Results of
air samples taken in cells surrounding the primgry sodigm pipes and components
have shown tritium concentrations up to I x 10'0 MCi/cm . This is one thirtieth
of the DAC value of 3 x 10- pCi/cmO. As discussed earlier, the secondary
sodium is contaminated with low levels of tritium. The primary concern is
contamination control. Due to the low specific activity, quantities of sodium
with enough tritium to be of concern are visible. Thus, instrument survey in
the field is not necessary. Good housekeeping, periodic wipe tests, and minimal
protective clothing are adequate to ensure contamination control.

The combination of low personnel occupancy and low tritium concentration
in the cells surrounding the primary sodium pipes and components has resulted
in no detectable (<10 mrem) personnel exposures.

CONCLUSIONS

Essentially all of the approximately 20 Ci/d of tritium generated is
contained in the sodium heat transport system. Less than 0.1 Ci/d is released

c~ from the heat transport system to cause potential personnel exposure and
environmental concerns. Only minor radiological control concerns have resulted.
No detectable personnel exposures or environmental releases have occurred.
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