NIRS PC Prefiled Exhibit 168
DOCKETED 09/23/2005

- NUREG-0782
Vol. 4

Draft

Environmental Impact Smtement

on 10 CFR Part 61 “Licensing
Reguirements for Land Disposal
of Radioactive Waste"

Appendices G-Q

U.S. Nuclear Regulatory -

Commission

_ Office of Nuclear Material Safety and Safeguards

September 1981


RLL
Text Box
NIRS PC Prefiled Exhibit 168
DOCKETED 09/23/2005


m

Appendix G

VOLUME 1V

Table of Contents

Impact Analysis Methodology

1. INTRODUCTION. . ..cieiiiiiiiiiiiteeneneeerencasacscocoansnnnnnsaans

1.1 General Approach..........................; ...... ereeescaens
1.2 Impac;'Measures ..... e eeereetetaasrettantosaencasen eeseaeens
2. PATHWAY ANALYSES. ..t uueenieneennenninneesasnesnecnesnossiosnasnnns
2.0 INLrOdUCETON. oottt ettt ee e e et e e e e,
2.2 Release/Transport/Pathway Scenarios...........ceeeeeeeeceen.
2.2. 1 APProach. ... ...ttt i it it et e e e et et
2.2.2 Release/Transport Mechanisms....................f....
2.2.2.1 Tiﬁing of Release/Transport/Pathway
ST o011 T 1 o
2.2.2.2 Control Mechanisms......oveeiinnececncnnanns
2.2.2.3 Concentration Scenarios........ccceceeenecas
2.2.2.4 Total Activity Scenarios.....cveveeeecencnns
2.2.2.5 Other Radiological Release/Transport
Pathways Considered.......cc.iiiiiinneiann,
2.3 Other Potential Exposure Pathways.........ccieiiiieeiennnns
2.4 Pathway Dose Conversion Factors.............. ...l
2.4.1 Uptaké Pathways ......................... e
2.4.2 Pathway Dose Conversion Factor Tables................
3. DISPOSAL IMPACTS...c.iuiuninenenaraenenanaraenenananananns Ceeeann
3.1 Disposal Technology Indices.......oiiinreiinnneinnanncanes
3.1.1 Region Index——=IR....cciiiinerererreeerencecnaosonanes
3.1.2 Design and Operation Index.............. Ceeeassetennn
3.1.3 'Site Operational Options.........cevvvieienniennnnnn.
3.1.4 Postoperational Indices.............. deeieteetieannes
3.2 Waste Form Behavior Indices......coiiiieieneinnennecncanaas
3.2.1 Flammability Index (I4).....ccciirureeennnnncenncnnan
3.2.2 Dispersibility Index (I5)......ccvvuivnniiininnnnnnal,
3.2.3 Leachability Index (I6)....cciivrrrnererecnncancnnnans
3.2.4 Chemical Content Index (I7)..cvvneeeiinnenenncennnns



Table of Contents (Continued)

“— Appendix G (Continued) Page
X 3.2.5 Stability Index (I8)....eeeeeeeieeeeeeneneeneeenennns G-51
3.2.6 Accessibility Index (I9)......cciiuiiiininniiinnnnne. : G-52

3.3 Waste Classification.....c.oiiieriiiieienerneeiveenaasnnnns G-55

3.4 Waste Classification Scenarios........c.ciiiiiiiiniinennns. G-57

3.4.1 Intruder-Construction Scenarid,....;, ................ G-57

3.4.2 Intruder-Agriculture Scenario.............ccoivuennn. G-60

3.5 Ground-Water SCenarios. .......eeeiceeeeeoeennn. e . G-65

'3.5.1 Source Term........... eteeanee et aaaaaa. feeeii GG

- 3.5.2 Migration Reduction Factor................ciiilLLs .o G-72

3.5.3 ., Special CaseS..c.ccvencrannnnns eeeeeenenaaan. eeeeee . G=76

3.6 Exposed-Waste Scenarios.......... i G-78

.3.6.1 Wind Transport Scenarios................... ... Ceesans G-80

3.6.2 Surface Water Scenario...............coiiieniinannn. G-81

3.7 Operational Accident Scenarios..........ceeeeeeennn e G-82

3.7.1 Accident-Container SCENArio...............o.... s G-82

- 3.7.2 Accident-Fire Scenario..........c.cooiiiiiiiiiiiiiai, G-83
3.8 Other Impact Measures.......cciiceeeceeneecancacnscnanns ereae G-85

3.8.1 Land Use..... G-85

3.8.2 Occupational EXpOSUresS......c.ccoveeeveececoncacsocnnas G-85

3.8:3 Disposal Costs...u.iiiiiieiniineieeieeeconcneasanonns G-86

4. ~ TRANSPORTATION IMPACTS.....cciieeeconsa R R R TR G-90
4.1 Packaging and Shipping Assumbtioné.;..;. ...... 4;...;.,......;;. G-92

4.1.1 Surface Radiation Leve15...;..;....,.;....;.......;.. G-92

4.1.2 Packaging Parameters.......ccciiieereiececcccccnacnns G-94

4.1.3 Mode of Shipment......cocivervinneenn. :...........; G-94

8.2 COSES..nnnieeeanneranneeienneeaannsiinnnnnn SO eeenn G-96

4.3 Other Impacts........... R R T T R TR G-97

5. WASTE PROCESSING IMPACTS...... A '.J,.,;.;.;.,.,.......,...;. G-99
5.1 Waste Processing Index....... i ;.;.1..:.;; ........ G-99
5.2 Population Exposures............ e eeressasennas Ceeesecsennons G-102
5.3 Other Impacts......ccvcevvvnnen ieterccsecanans EEET R R R PRI G-103
. REFERENCES......c.evvunnnnn... e e, G-105

N - : :
ii




1 1L

Table of Contents (Continued) —
Page
Appendix H Alternatives Analyses Codes
1. INTRODUCTION AND OVERVIEW. ... ciiiiiniiininieeneenenocanccoannnsas H-1
1.1 Purpose............ et eetetetetaeaareenaeaaancnaanaanaenns ;. H-1
1.2 Summary of Data Bases.......... e etetectenseraeesetensensenn H-2
1.3 Overview of Computer Codes...... et eeaceaceertoeaseaanans H-8 .
1.4 Waste Classification Test Procedure............. ceeeresesenn H-11
2. INTRUDE CODE......ciiveevrenannnn. eeteeccacanan ereeeseecscceenes H-15
3.- GRWATER CODE............ e et eteeeecentecatennannnn eeanse e H-16
4. OPTIONS CODE.....ciiirimeierenncancancscnnncnanns PR R R H-21
5. INVERSI AND INVERSW CODES............... £ eeeceiaceasecsoanoneannns H-21
6. LISTING OF THE CODES AND DATA FILES......ivieereerenennoneeennnnns H-25
Appendix 1 Branch Technical Position = Low-Level Waste Burial
Ground Site Closure and Stabiljzation.........c.cveee... I-1
. Appendix J Regional Case Studies
1. REGIONAL SITE DESCRIPTIONS. ..ot vueeeereeeennneseneonncsaaasannnns -1
1.1 Northeastern Site...........ciiiiiiiiiiiiiiiiiiiiiinieniin.. J-3
1.1.] GeOlOQY..eiiiieienueetenessoeseneeaonsosasasansanenss J-3
B I S .Y B 0 - J-3
1.1.3 Ground Water......ciiiiiiieiineeennensonocenssoanasns J-6
1.1.4 Surface Water.........ciiiiiiieninnecnrececnoncecnnnes J-7
1.1.5 Meteorology..oeee e iieiinerernnneneneasoancnnes eeeenee J-7
1.1.6 Terrestrial Ecology.....cvvvvvrenncennn ceeeeess poeses J-8
1.1.7 Aquatic Ecology........... L A N J-9
1.1.8 Land Use....uueiiiieenereneeeenacocensacasocaconnnns J-9
1.1.9 Other Parameters.....c.veeeereeeoncencencseoannoonnes J-9
1.2 Southeastern Site........ciiiiiiriiirenueeneecennonncnaanns J-10
1.3 Midwestern STte....u.vtiiniiieiniineienereenonenensacnannnn J-10
1.3.) GeologY...cveiiieiiinennnenndennnn feeesesesccasennans J-10
1.3.2 Soils...... feeeeeeatecteeieraieaas e eeeseesccanoas e J-13
1.3.3 Ground Water......ccciiiiirennennennnnne. eeeeccesee J-13
1.3.4 Surface Water.....oueiiinnreeeeeenecoanecsocancaosonns J-14
1.3.5 Meteorology......... eesesseceasaas Ceestecsessneanans J-14
1.3.6 Terrestrial Ecology............ eetsersiietttae e J-15
1.3.7 Aquatic ECOTOgY...vieuinrrirenieneiennennennnanonnnnns J-16
1.3.8 Land Use......ciiiiiiiiiiiiiinennennns eeeiseeeeaea J-17
1.3.9 Other Parameters......oceeeeeneeneeceenecncancecansns J-17 -/



Table of Contents (Continued)

Appendix J (Continued) ' Pége
'1.4 Southwestern 317 PO e ereeteaeeearaaaas J-17
1.4.1 Geo]ogy............; ......................... e ' J-17
1.4.2 SO TT1S.ciuiciiiiereenacanceacennanas e tececsscsesacanan J-19
1.4.3 Ground Water.........ciiiiiiiniinnnnn.. U PR J-19
1.4.4 Surface Water........civiieiniiininnennne, ceeeeeaaenn J-21
1.4.5 Meteorology..coceicieeeeeseranceaccsoasassoccancsanns J-21
1.4.6 Terrestrial Ecology...covieienriiiiiieeeinenncnnnns J-22
1.4.7 Aquatic Ecology........ e eseeeececsetenetesennsaancans J-23
1.4.8 Land Use............ e ettt eeeseacans J-23
1.4.9 "Other Parameters.;;......; ..... e ieeeeeneeeaaeeaa J-24
2 SUMMARY OF REGIONAL ENVIRONMENTAL PARAMETERS....,;..........; ...... J-24
Appendix K Financial Assurance for Closure, Postclosure, and Active
Institutional Control for an LLW Disposal Facility
1. OVERVIEW......iiiiiiiiiiininnennnioansacecnanans P K-1
1.1 Need for Financial Protection Requirements..... eereceenssaa K-1
1.2 Other Closure and Long-Term Care Funding Requirements....... K-3
1.3 Overview of Closure and Long-Term Care F1nanc1a1 :
Requirements. .. .uiieiiiiiiieenenrserosceroasocosascaacsanns K-4
1.4 Staff Recommendat1ons for F1nanc1aI Requirements............ K-=6
2.  OVERVIEW OF LIFE CYCLE ACTIVITIES AND FINANCIAL ASSURANCES AT A
DISPOSAL FACILITY. .. iiiiiiiiiienereeascenaesiaeasasocssansonanns K-8
2.1 Site Selection and Characterization............... v eeeeeeens K-8
2.2 Preoperational Phase...........co.ieiiiiiiiiiiiiiiiiiiiil., K-9
2.3 Operational Phase................. e tecesassaseassaacaaanacas K-9
2.4 Site Closure Phase....... Ceeeecitecetaeneeanananas eeerenanes ' K-10
2.5 Postclosure Observation and Maintenance Period.............. K-10
2.6 Long-Term Care (Inst1tut1ona1 Contro] Per1od)...; .......... . K-11
3.  SHORT-TERM FINANCIAL ASSURANCE MECHANISMS FOR CLOSURE AND
POSTCLOSURE OBSERVATION_AND MAINTENANCE..... PR S K-11
3.1 INLrOdUCEION. «.vevnnetiit ittt K-11
3.2 Eligibility. it iiiiiiietiencinesnns '.; ............ K-12
3.3 Closure Activities and EXpenses.......cccieuiiinnaraanennnnn K-12
3.4 Short-Term Financial Assurance Mechanisms for Closure and '
Postclosure........... L R EEERTERRERRLPRTEE K-13

3.4.1 General Criteria for Financial Assurance Mechanlsms
for Closure and Postc]osure ...................... e K-14

iv



Table of Contents (Continued)

Appendix K (Continued)

3.5 ‘Criteria for Evaluating Financial Assurance for Closure

and PostelosuUre. .. . .iiiiiiiiiiiiiettiieictee e aaeanaaa

3.6 Financial Assurance Alternatives for Closure................

3.6.1 Surety Bonds.......c.iiiiiiiiiiiiiiiateieeaatcanaans

3.6.2 Cash Deposits.....c.ciiiicinenenenianannans B

3.6.3 Escrow Funds.........ciieiinrieiniecnenanccansancnnns

3.6.4 Trust FUNDS. ... i.triiiienitinteeneneesosansaaennnnns

3.6.5 Certificates of Deposit (CD)........ R S

3.6.6 Deposits of Securities........ vciiiiiiincenannnns .
3.6.7 Pledges of Securities and Liens Aga1nst Properties

of the Licensee (Secured Assets). ... .c.cveivenuerennn

3.6.8 Letters of Credit.....c.iiiiiniiiieiiiiniienncnnnns

3.6.9 Self Insurance by the LLW Site Operator..............

3.6.10 Financial Tests.....iiiiiiiiniineneneencnaeaancaanans
3.6.11 No Financial Assurance Requirements for Closure and

, Postclosure Care.......c.iuiiiniiiiiiinnnennnnannnnan

3.6.12 Other Short-Term Financial Assurances ................
3.6.12.1 Surcharge on Waste Generators and Collec-

tion of Funds into a Sinking Fund..........

3.6.12.2 Closure Pool......ciiiiivieeeeenenceeaanans

3.7 Conclusions and Staff Recommendations...........cccciveveen.

4.  LONG-TERM CARE (ACTIVE INSTITUTIONAL CONTROL) FUNDING

REQUIREMENTS............. e
4.1 Introduction........ciiviieiiiinrinnccioancaanns et sseaeanes
4.2 Need for Requiring F1nanc1a] Assurances for Long- Term
00 o S P AR
4.3 Shortcomings of Existing Financial Mechanlsms for the‘
Recovery of Long-Term-Care Funds........coivieinicinreennnns
4.4 The Active Institutional Control Period..:..........cciu... )
4.5 Types of Funding Arrangements for Active Inst1tut1ona] A
1001 1 o
4.6 Types of Active Institutional Control Costs.................
4.6.1 Contingency Costs.....ciiiueinrennencenaccnsnnnscnns
4.7 Impact of Proposed Financial Assurance Requirements.........
4.7.1 CONCTUSTONS . e e e eeesneeeentonnnerevaseeeeennnsenannns

FUNDS.......................................................,....
L0 R B I 1 Vo - P
5.2 Nevada............. ittt eeseeneocoaassssncnnnas e eesesnonacns

Page

K-16
K-17

K-17
K-19
K-20
K-21
K-24
K-25

K-26
K-27
K-29
K-30

K-31
K-32°

K-32

K-33 -

K-33

K-36
K-36
K-36

K-37
K-38

K-38
K-40

K-40
K-43
K-43

K-44

K-44

K-45

1L



- Appendix K

5.15
- 5.16
5.17

Table of Contents (Continued)

(Continued)

41$outh Carolina. .ieeeeieiineiiereecannnnonns Meesecssrenaes
KentUCKY .« ettt i i i e ...
Washinglon. . .oiii ittt it i ettt teeenneeecnnasennsans
Q=Y =T R .o

Michigan....... e e e ettt ..
_Wisconsin......oooiniiaa., N eeiecaaes
NeW . JersSeY. st i liiiireieeteeecssaasacanonsasecnsanaonad S eeeee

U.S. Nuclear Regu1atory Comm1ss1on Uran1um Milling -

Regulations. cui e ettt it eienneneeinteceeencannaneanna
U.S. Environmental Protect1on Agency Regu]at1ons ..... ......
U.S. Department of Inter1or 0ff1ce of Surface Mining......
CONCTUSTONS. ¢ ittt iiitiitieierensesasensassassesnsosssaannes

6. PUBLIC COMMENTS'ON PRELIMINARY ﬁRAFT OF 10 CFR 61 CONCERNING

FINANCIAL REQUIREMENTS FOR AN LLW SITE

o 6.1 WOrkshop Comments on the Draft Regu]étion

6.2 Written Comments on the Preliminary Draft Regulation

7. BACKGROUND REFERENCE MATERIALS
- BIBLIOGRAPHY

Appendix L'

6.1.1 Chicago Workshop
6.1.2 Denver Workshop
6.1.3 -Atlanta .Workshop
6.1.4 Boston Workshop

Reservéd‘for final EIS

Appendix M -

1.  GASEOUS RELEASES FROM DECOMPOSING WASTES
2.  POTENTIAL FOR PLANT AND ANIMAL INTRUSION
3.  EROSION

3.1 Water Erosion
3.2 Wind Erosion

REFERENCES

ooooooooooooooooooooooooooo
ooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooo
-------------------------------------
--------------------------------------

ooooooooooooooooooooooooooooooooooo

----------------------------------------------------------

Potential Long-Tefm ihpécts Other than Ground Water

M1grat1on and Inadvertent Intrus1on

.............................................................

vi

ooooooooooooooooooooooooo
ooooooooooooooooooooooooo

----------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------------------

Page

K-46
K-48
K-50
K-51
K-51
K-52
K-54
K-54
K-55

" K-56

K-56

K-56
K-57
K-59
K-59

K-59
K-59
K-63
K-63
K-65
K-65
K-66

K-67
K-75

[P FLE AN



Table of Contents (Continued)

Page
Appendix N Analysis of Existing Recommendations, Requlations and Guides
INTRODUCTION. t .t iieiiiiereateessosaceaasseccansoneacaosacossaconnnoens N-1
1. NUCLEAR REGULATORY .COMMISSION REGULATIONS.......c.cverreecenncnnn N-1
1.1 10 CFR 20: Standards for Protection Against Radiation...... N-1
1.2 10 CFR 50, Appendix I: Numerical Guides for Design .
Objectives and Limiting Conditions for Operation-to Meet
the Criterion "As Low as is Reasonably Achievable" for
Radioactive Material in L1ght-Water-Coo]ed Nuclear Power
Reactor Effluents........ciiiiiiiiieiiinieneneiicenoaanoananans N-4
1.3 10 CFR 100.11: Determination of Exclusion Area, Low
Population Zone, and Population Center Distance............. N-4
2. ENVIRONMENTAL PROTECTION AGENCY (EPA) RADIATION PROTECTION
CRITERIA, STANDARDS, AND GUIDELINES......iitiiiieinnnneenencannas N-5
2.1 Proposed Recommendations for Federal Radiation Guidance:
Criteria for Radioactive Waste.........cciiiiinneniennnnn. N-6
2.2 40 CFR 190: Environmental Radiation Protection Standards
for Nuclear Power Operations.......c.c.ivvieietnenenonnass N-8
2.3 Guidance on Dose Limits for Persons Exposed to Transuranium
Elements in the Environment.........ciiiiiieiinnnecnenncanas N-8
2.4 40 CFR 192: Standards for Cleanup of Inactive Uranium ‘
Processing Sites........coiiiiiiiiiiiiiiiiiiiiii i N-9
3. RECOMMENDATIONS OF THE NATIONAL COUNCIL ON RADIATION PROTECTION
AND MEASUREMENTS (NCRP)...ciitiiiiiiiiiiiirenaenonanonscacanaannss N-10
4, RECOMMENDATIONS OF THE INTERNATIONAL COMMISSION ON RADIOLOGICAL
. PROTECTION (ICRP) ..t viereneecereasonacaonsosoossnssconsonsl PRI N-13
5. RECOMMENDATIONS OF THE FEDERAL RADIATION COUNCIL (FRC)........... N-16
6. ENVIRONMENTAL PROTECTION AGENCY SOLID AND HAZARDOUS WASTE
MANAGEMENT REGULATIONS. .. ... iiiiiiitiireceenocacaasccansscccnss N-17
6.1 Management and Disposal of Nonradioactive. Solid Waste....... - N-17
6.2 Management and Disposal of Hazardous Waste............. e N-21
7. 40 CFR 141: NATIONAL PRIMARY DRINKING WATER REGULATION .......... N-28
REFERENCES. v v vevenenvnenenananaeanananen J N-30

Appendix 0 Reserved for Final EIS

Appendix P Reserved for Final EIS

1rm.



Table of Contents (Continued)

Appendix Q Calculation of Preoperational, Operational, Closure and

Institutional Control Costs

2.1 Direct Capital Costs......cciiieitieienniiiiiiiiieesinnananns
© 2.2 Indirect Capital Costs.......ceeumnieiniiiiiiiinnnniannnn,
2.3 Annual Fixed Capital Charge.....c...veeeu... eeedeneaeaeiaea
2.4 Total Capital Costs......iinievnnienncncaanns N

3. - OPERATIONAL COSTS............ e e P P PRI SR
3.1 "Direct' 0perational COSES.s...eeenreeenneeeeenneeenneeennnnnn
3.2 Indirect Operational Costs.......... eeeaeeeeanan e eeeeeeaae
3.3 Total Operational Costs.....cccviinreeeennnnnnn D
4,  POSTOPERATIONAL COSTS............ A “.1 .........

B, Ll OSU . sttt innseeeeeneaeanenssnoncsansssssassasssssssasenss

4.2 Institutional CONtrol Program........te...eeeeeeeueeaneennn.

5. - FINANCING FOR CLOSURE AND INSTITUTIONAL CONTROL..................

5.1 Background............. P S
T B2 LT OSUP . e et e e eteereccacconaeiiasacecsocaceaannns eiereeeen

6. SUMMARY. ... eeeneteenie it et et et e et e e e e e e e

REFERENCES.......... P U S e eeeeeeeaaeian

viii

Page

!
N =

]
HN N NosN

0 LoD O LLLD LO
=
s O hw

<
&



Table

G.1
G.2
G.3
G.4
G.5
G.6
G.7
6.8
G.9
G.10
G.11
G.12
G.13
G.14

G.15

G.16
G.17
G.18

G.19

G.20
G.21
G.22

G.23 .

H.1
H.2
H.3
H.4
H.S5
H.6

List of Tables

Quantifi$b1e Impact Measures Considered in the EIS..........

Access Location-to-Human Pathway

Pathway
Pathway
Pathway
Pathway

Pathway

Pathway
Pathyay
Pathway

Disposal Technology Indices
Region Index Dependent Properties
Waste Form Behavior Indices

Dose
Dose
Dose
Dose
Dose
Dose
Dose
Dose

Conversion
Conversion
Conversion
Conversion
Conversion
Conversion
Conversion
Conversion

Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor

ooooooooooooooooooooooooooo

---------------------------------

Radionuclide Partition Ratios Between Leacheate

and Waste

ooooooooooooooooooooooooooooooooooooooooooooooooooo

Sets of Retardation Coefficients Used in Impacts

Analysis

----------------------------------------------------

Unit Rates for Impact Measures

ITlustrative Calculation

------------------------------

....................................

Distribution Between Care Level Required with Type
and Specific Act1v1ty of Waste

..............................

Packag1ng of LLW for Waste Spectrum 1 (percent of volume

packed in containers).

Packaging and Shipment Mode PAramMEters. .o vuueenrrenernnennns

Waste Processing Index - 110

Processing Index (I10) Breakdown
Summary of Processing Unit Impact Rates.............cccvceenn

Alternatives Analyses Indices
Disposal Techndlogy Indices
Waste Form Behavior Indices
Waste Groups and Streams
Summary Description of Waste Spectra
Radionuclides Considered in Waste Source Options

ooooooooooooooooooooooooooooooooooooo

ix

oooooooooooooooooooooooooooooooo

---------------------------

oooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooo

...................................

ooooooooooooooooooooooooo

G-27
G-31
G-32
G-33
G-34
G-35
G-36
G-37
G-38
G-40
G-41
G-46

G-71

G-75

G-87
G-91

G-93

G-95
G-96
G-100
G-101
G-103



.Tables"

H.7

X
o

T A L ES oo T TZTT

=
N

=
w

M.10
M.11

M.12

List of Tables (Continued)

Example INTRUDE Output (Spectrum 2)eennn.. e, |

Example GRWATER .Output (Spectrum 2)..............ivnvennnn.
Example OPTIONS Output = 1............... e eeteeceieeeeaaaa,

. Example OPTIONS OULPUL = 2...ueeeneeevnnannnnn.. e

Example OPTIONS Output - 3....:.., ...........................
Genera] Data Definitions.........,......;.;.; ........... e

Popuﬁat1on Distributions for" Reg1ona1 Case Stud1es ...........
Water Balance Analysis Data and Assumpt1ons.}.......;.ﬂ.;....
Detailed Water Balance Cé1cu1efiens ......... BT
Region Index Dependent Paraméters...........Q...; ............
Environmental Parameters for Regional Locations..............

Life Cycle Financial Assurances for a Disposal Facility......
Radionuclide Concentrations: and Gas Composition in Trench

Gas and Soil Gas Samples at West .Valley, New York............

Composition of Trench and Soil Gas at the Maxey F]ats
Disposal FaCiTity. e eeniineiiineeereeieeneneeneanasseionenas

Composition of Trench and Soil Gas at the Beatty Disposal
L Lol T I U

Tritium and Carbon-14 Aciivity in Trench and Soil Gas:

- (pCi/CC) at the Maxey Flats Disposal Facility............. oee

Tritium and Carbon-14 Act1v1ty Measurements at the Beatty,
Nevada Disposal Facility....civveiirieiinneeninanneeccencanns

Radon-222 Flux Measurements in the Cont1guous United States..

Annual Soil and Water Losses per Acre From Five Widely
Separated Types of Land Under Conditions of Clean Tillage

and Dense Cover of Vegetation..........cociviiiiiniiiiniinnn...
Erosion Rates Under Varying Conditions............ccc.e.n. ...
Waterborne Radiological Impacts Assuming Erosion of the '
. Facility Designs Considered in Chapter 5 Case Study..........
Waterborne Erosion Impacts for the Base Case..........cvven.s
Airborne Radiological Impacts Assuming Erosion of the
Facility Designs Considered in Chapter 5 Case Study..........
Airbone Erosion Impacts for the Base Case.............. P .



L

Tables

Q.1

Q.2
Q.3
Q.4
Q.5
Q.6
Q.7
. Q.8
Q.9
Q.10

Q.1
Q.12
Q.13
Q.14

Q.15
Q.16
Q.17
Q.18

List of Tables (Continued)

Administrative Cost During Siting, Licensing, and

Construction. ... e it tieeieeaann
Trench Construction Materials and Surveying COStS.eennrnnnn.
Equipment Leasing Costs.......civeiiriiinrneiorneennnnncnnn
Reference Disposal Facility Payroll..........ccciieeiennenn.

Reference Fac111ty Operat1onal Environmental

Monitoring Program ........................ eveverannasinnea
Summary of Requlatory Costs..;........................; .....
Estimated Closure Costs--Low SCeNario............eeeeeeenen.
Estimated Closure Cdsfé--High Scenario.......ccceue.n e,
Personné] Requirements for Institutional Control............

Equipment Use During Institutional Control (in months

PO Y BAT ) it eueeeseeeeooeossossososonnncasssesnnnaoennssonecss
Estimated Long~Term Environmental Monitoring Activities.....
Estimated Annual Institutional Control Base Costs...........
Small to Moderate Water Accumulation Costs..................

Pumping, Processing, and Solidifying Costs for One Million

Gallons of Contaminated Liquid Per Year........coviveinienne.
Site Restabi]ization_Program ................................
Interest Ratés, Inflaction Rates, and Real Interest Rates...
Real Interest Rate on 10-Year U.S. Government Securities...

Real Interest Rates on Various Securities........... PP

xi

Page

Q-5
Q-9
Q-10
Q-11

Q-12
Q-13
Q-17
Q-19
Q-22

Q-23
Q-24
Q-25

Q_zs‘\_/

Q-29
Q-31
Q-35
Q-36
Q-37



List of Figures

Figures - Page

G.1 . Examp]e C]ass1ca] Pathway D1agram..: ........................ G-9
G.2 Modified Pathway D1agram I]]ustrat1ng B1ota Access ' '

Locations...... i essseecececcsascanassessosanasanrretoseancnos G-11
G.3 Details. of Uptake Pathways......ceeeeecennnsn ererereeeeaean G-26
G.4 Pathway Dose Conversion Factors..L.; ...... ;..;...., ......... [,\»G429
G.5 Direct' Gamma’ Exposure Geometry....; ......................... .'G-64
G.6 ~ Geometric Relationships.of Disposal Area and Discharge. - s

Locat1ons........,...,.,..,,...,....f..,...........,..; ..... - .G-67
H.1 A waste C]ass1f1cat1on Test . Procedure...............J ..... e H-12
J.1 u.s. NRC Regions........... s [ eeeeeanen L Jd-2
J.2 " Northeast Site......i..... ETSTETURIPR e eeeeeneaearaaaes . J-4
J.3 A “Geologic Profile of the Northeast L - “weee - ~d7D
J.4 . Midwest Site... ...t eeeeseen J-11
J.5 ~ Geolégic Profile of the M1dwest STt e eneeeeeenaeaens vee L J-12
J.6 Southwest Site...... e estessaesaosansans i eteesescccesasneanna J-18
J.7

Geolog1c Profile of -the Southwest Site..... U ,  'Jj20-

xii




(Rt T

M-13

o Placing higher activity material at greater depths (layering the higher
activity waste).

o Filling the interstitial spaces between the disposed waste containers
with cement grout.

o Use of barriers to intrusion (bio-barriers).

The first three items are straightforward. The burrowing depths of most animals,
except some insects, typically are not more than one or two meters. Increasing
the cover thickness (e.g., from one to two meters to three to four meters) would
therefore place the waste below the burrowing depths of most burrowing animals.
Layering the higher activity waste streams essentially eliminates the potential
for. intrusion.into -these ‘waste streams. :Contact; if it occurs, would be only
with the lower activity waste streams.. Grouting the disposed waste packages
impedes intrusion into the disposal cells, reduces the potential for waste
-dispersion, and reduces the potential for increased ground-water migration.

Barriers against intrusion may also be used. One barrier which has been used

with success aga1nst intrusion by burrowing animals is emplacement of a hard

surface such as rip-rap, cobbles, or asphalt over the top of disposal trenches.

The hard surface greatly discourages or eliminates burrowing mammals and has

the added benefit of controlling potential wind and water erosion. Coatings

of cobbles over filled disposal trenches are currently being routinely used at

the Hanford Reservation, both at the disposal areas operated by DOE and the o
commercial disposal facility located within the reservation. ~

Over the past several years, work on development of biological barriers effective
against deep rooted plants and burrowing insects in addition to burrowing mammals
has been performed by Cline, et al., and this work is discussed in some detail
in Appendix F. This work has included use of asphalt and cobble layers, as

well as use of root toxins placed at sufficient depth below the surface to kill:
deep-rooted plants but allow shallow-rooted plants to grow. It is possible

that herbicides could be used which would be nontox1c to the plant but would
inhibit root growth. .

To summarize Appendix F, the use of cobbles, asphalt, or other hardened layers
would appear to be straightforward in application against intrusion by burrowing
mammals. Additional work is required, however, to develop effective biological
barriers against intrusion by plant roots, particularly in humid environments.

In any case, construction of elaborate biological barriers could prove to be

an expensive hinderance as long as trench subsidence was in evidence at a
disposal facility. Subsidence would tend to crack rigid surfaces such as asphalt
“layers or concrete, thus reducing or eliminating their effectiveness. Repairs

or restabilization activities would also tend to be more difficult and more
expensive. :

3. EROSION

Another source of potential enQironmenta] releases is through the effects of
wind and water erosion. Through these mechanisms, the covers over disposal S
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trenches may be removed over time, eventua11y exposing the disposed wastes

which then could be potent1a11y d1spersed into the environment through airborne

or waterborne pathways. In addition, a significant erosion prob]em would reduce
the ability to predzct d15posa1 fac11ity 1mpacts over time.

It is recognized that minimizing the effects of erosion is of s1gn1f1cant ,
1mportance when siting, designing and operating a disposal facility. The effects
of erosion are s1te-spec1f1c and would be analyzed as _part of individual
licensing actions for a particular d1sposa1 facility. For some fac111t1es--for
example those located in an arid region having high winds--wind erosion may be

of most s1gn1f1cance. For facilities located in humid environments, gully or
sheet erosion due to the action of water may be of most s1gn1f1cance Gully
erosion would affect less of the d1sposed waste, but could occur over a shorter
time frame. Sheet erosion would eventua11y effect a ]arger area, ‘and hence a
larger amount of the disposed waste, but would take longer to occur.

It is believed that the effects of erosion at a disposal facility can be
minimized through proper siting, design, and operation to the point that it
_needn't be considered a problem. Practical measures which can be readily taken
to minimize or eliminate this potential problem include the following examples:

o Avoid areas characterized by rapid erosioh, such as fTOOdplains, areas
of high topographic relief, and so forth.

0 Stabilize the site against erosion through app]1cat1on of a soil cover
" such'as grass or a layer of rip-rap.

0 If drainage channels are used at the facility, minimize guily erosion
through appropriate engineering such as lining“with rip-rap.

St111, it is difficult to predict the effectiveness of measures intended to
minimize erosion over the long term, and it is instructive to obtain an upper-
bound estimate of the level of potent1a1 exposures that could occur if through
some reason the waste-did become ‘exposed through erosion. To do this, an
estimate must be made of the length of time that it takes for the cover over
the waste to be’ removed through weathering activities. As stated above, gully
erosion could be a fairly rapid process. However, its effects would. tend to
 be_localized and if it were to occur, .then it would probably occur: dur1ng the
100-year 1nst1tut1ona1 control period. During this time per1od the disposal
site would be under the surveillance ‘and control of a governmenta] agency and
steps could be taken to correct the problem. Sheet erosion, however ‘would
appear to be a less percept1b1e 1ong term potent1a1 prob]em.

3.1 Water Erosion

A short but 111ustrat1ve dlscus510n ‘of so11-water erosion rates is prov1ded by
Healy and Rodgers in Reference 10. - As’ ‘observed by the authors, erosion rates
can vary widely depending upon such site-specific factors'as ra1nfa11, soil
type, ground slope, soil cover, and human activities. To calculate the potential
erosion rate, use may be made of the universal soils loss equation (USLE).

This equat1on ‘has been used (or a derivative has been used) for a number of
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years to estimate erosion rates from plowed agricultural fields. A derivative
of the semi-emperical equation has also been used to determine erosion rates
during highway and other forms of construction activities. As stated above,
the equation is actually intended for use in determining erosion from plowed
agricultural fields. The length of time over which the erosion rate is
calculated is short and the conditions under which the equation is used (e.g.,
plowed fields) are those in which sheet erosion would be accentuated.
Considerable care must be taken when applying the equation to a disposal
facility. Still, the equation is useful as a basis of discussion of the
variation in erosion rates and the types of factors which influence erosion
rate.

A simplified derivative of the universal 5011 loss equation is as fo]lows
(Ref. 11):

A

R x Kx LS x VM, where

A = The computed soil 1oss in tons/acre per year. This auantity may be
converted to cubic meters using selected conversion factors.

B = The rainfall intensity factor, which is a measure of the erosion
force of rainfall.

K = The soil erodibility factor, which is highly regional.

The next two parameters are of importance as they may be varied to control and
minimize erosion:

LS = The topographic factor--e.g., the effect of length and steepnéss of
slopes on the soil loss per unit area.
VM = The erosion control factor, which is a function of.all erosion control

measures such as vegetation, mechanical manipulation of the surface,
chemical  treatments, etc. For bare slopes, VM-1. .
. L. . \
In general, a maximum rate of erosion is apparently reached in areas having _
precipitation on the order of 25 cm/yr (10 in/yr), with decreased rates in more
humid as well as in more arid climates. The number and severity of rain storms
is also an important factor. To determine the effect of rainfall, a rainfall
erosion-index (or rainfall intensity factor) has been developed, which is a
function of the total kinetic energy of a rainstorm-as well as its maximum
intensity over a 30-minute period. Iso-erodent maps are.available giving regional
values of this index and in the eastern states, this factor can vary from
about 50 to about 600.

The soil erodibility factor accounts for the differences in erosion potential
among different soils. This factor can vary widely--e.g., from 0.69 for a
Dunkirk silt loam to 0.03 for an Albin gravelly loam (Ref. 10).

Of course, the gradient of the Qround slope as well as the steepness of the
ground slope are also important factors. Complicated formulas can be used to
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- determine. the topograph1c factor ‘for multiple s]ope 1engths and gradients.

- One such formula is illustrated in Reference 11. ; In general, however, the
factor is larger with larger gradients. Healy and ‘Rodgers gives an example of
“this in Reference 10. "For.a length of 60 m (200 ft.), the soil loss ratio
_varies from about 0.3 at a 2% gradient to about 6 at a slope of 20%."

The last factor--the erosion control (soil cover) factor--great]y influences
‘the calculated erosion rate. For agricultural purposes, determining this factor
can be complicated. It may, for example, be influenced by such factors as crop
‘management techniques, growth stages of crops during periods of heavy rainfall,
and so forth. However, as stated in Reference 10, "with established meadows

of grass, alfalfa or c]over, the so11 loss rates are 0. 4 to 2% of that from
fallow land."

For purposes of waste management th1s 1mp11es that a: good so11 cover over a
disposal facility such as a thick vegetat1ve carpet or-a layer of- rip-rap can
reduce potential erosion rates from a given site (all other factors such as

rainfall, soil erodibility, and topography being equal) by 2 or 3 orders of
magnitude.

The combined effect of the different poss1b1e rainfall, soil erod1b111ty,
topography and soil cover factors can result in wide d1fferences in erosion
rates. For example, Table M.7, obtained from Reference 10, provides an
illustration of different erosion and runoff rates for a number of widely
scattered soil types, rainfall, crops, and so forth. The erosion rate of clean

t11]age can exceed that associated with dense soil covers by 2 to nearly 3 orders
of magnitude. :

Human activities such as construction of houses or roads can result in greater
erosion rates with respect to agricultural activities while erosion rates
associated with natural-weathering activities are generally in a lower range.
Table M.8, obtained from Reference 10, illustrates.this. As can-be seen,
erosion rates from construction activities can be quite high. However, such
erosion rates would only be temporary and after construction had ceased, erosion
rates would quickly fall to much lower levels--perhaps to levels below those
associated with preconstruction. Erosion rates for clean tilled farming
activities can also be h1gh (e.g., on the range of 10-60 tons per acre per
year). However, it is again un11ke1y that such-erosion rates would occur over
long time per1ods.t Continued erosion rates of that magnitude would resu1t in
a rapid loss in productivity of the farmland.

Natural erosion rates are an est1mate based upon consideration of the volume
of depos1ts in c]osed systems

Given the above dlscuss1on it wou]d appear that. whlle the potential for water
eros1onixs an important consideration for radioactive waste disposal, it is a
site-specific_ phenomenon and can best be regu1ated as part of Iicensing actions
for a specific disposal facility. However, it is useful on a generic basis to
determine the range of potential -exposures that could occur over the long term

.at the reference facility. To do this, an estimate must be made of the length

of time that it would take for the disposal cell covers to be removed. One



Table M.7 Annual Soil and Water Losses per Acre from Five Widely Separated Types of Land
Under Conditions of Clean Tillage and Dense Cover of Vegetation*

Dense Cover- Approximate Number
Clean-Tilled Thick-Growing of Years to Remove
Crop Crop , 18 cm of Soil
Annual  Annual Annual  Annual
Soil, Location and Average Annual Soil Water Soil Water Clean Dense
Years of-Measurements Precipitation Slope Loss Runoff** Loss Runoff** Tillage Caver

(cm) *) (tons) (%) (tons) (%)

Shelby silt loam,
Bethany, MO, 1931-35. 88 8.0 68.78 28.31 0.29 9.30 16 3,900

Kirvin fine sandy ioam, :
Tyler, TX, 1931-36. . 104 8.75 27.95 20.92 0.124: 1.15 - 49 11,100

Vernon fine sandy loam,
Guthrie, 0K, 1930f35. 84 7.7 24.29 14.22 0.032 1.23 50 38,200

Marshall silt 1oém,‘
Clarinda, IA, 1933-35. ° 68 9.0 18.82 " 8.64 0.06 0.97 48 - 15,200

Cecil Clay loam, States- : ,
ville, NC, 1931-35. 115 . 10.0 22.58 10.21 0.012  0.33 51 95,800

L -

*Measurements at the soil and water conservation experiment stations of the Soil Conservation Service.
**%0f total precipitatioh.
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TabTe‘M;S: Erosion Rates Under Véfying Conditions .

Soi] or Rock

Description UseA ‘Erpsioanate .
' (tons/acre ﬁer year);
. Igpeous rock . | “Ge01991C'pést . 0.08 h

Appalacian Mountains -rGeojegic‘past' i 0.7

. Midcontinent ‘-Tyeicé1ﬂtarming 0.5-6- R

farm]and -7 {other ‘than clean - :
T Tt ed) )
Clean tilled - 10-60
Urban or suburben-j During construction  70-200

reference (Ref 12) in cehs1der1ng-tﬁis questidn; bostu1ated a rahge of one
to six tons of soil lost per year.  Reference 10 also assumed:a range of one
to six tons a-year, and based on a bulk density for soil of 1.5 gm/cm3,

postulated a time period of from 2, 000 to 13,000 years to remove 2 meters of
soil cover over d1sposed waste .. .

Slm11ar1y, for purposes of this env1ronmenta1 impact statement a t1me of
2,000 years is assumed to be requ1red to uncover 2 meters of so11 or about
1,000 years per meter of cover over the disposed waste. This essent1a11y
assumes a soil.loss of 6 tons per: acre per year from the disposal ‘trench.
continual (over, 2,000 years) soil.loss rate of this magnitude from the d1sposa1
fac111ty is extreme]y unlikely.:. It ignores ground cover and other:surface. -
engineering measures that would’ be incorporated into the disposal facility -
design. The loss rate is at an upper range associated with typical farming
activities. Such farming activities are unlikely to occur and if they do occur,
it would be unlikely that a continual soil loss rate of 6 tons per year would
be tolerated by a farmer. Such rates would probably reduce the productivity

of the soils to unacceptab]e levels, 10ng before the 2 meters of so1] th1ckness
is lost A o . :

o <

In any case, after a ‘time perlod equa] to 1 000 years per meter of cover. :
thickness) the trench covers are, hypothet1ca11y assumed-to be eroded away and
the sceaario is 1n1t1ated As .a further conservatism, no credit for waste form
is assumed for the eros1on scenario. . Neither :is credit taken for barriers
against ‘erosion such as.a rock cover or more elaborate measures such as disposing
of the waste in walled trenches. . The contaminated exposed soil/waste mixture

is ‘assumed to be carried by the water.into the surface body water located one
kilometer from the disposal facility. The natural mobilization rate calculated -
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for the reference facility (about 0.75 tons/acre/year) is used. The reduction

in the activity due to deposition a]ong the route is neglected and the soil/waste “_.-

mixture is assumed to all dissolve in the surface water, where the water is
used by an individual for consumption, crop irrigation, and so forth. The total
exposures received by all significant pathways may be then calculated. Addi-
tional detail regarding the calculational procedure is provided in Appendix G.

Table M.9 presents the results of the calculations for each of the cases
considered in the analysis carried out in Chapter 5 for ground-water migration.
As discussed in Appendix G, the calculated exposures will vary depending upon
such factors as the waste spectrum (e.g., the radionuclide concentrations),

the disposal efficiency, the amount of land area exposed, the d1sposa1 cell
cover thickness, and the density of the waste. Another factor is the placement
of the waste to 1imit exposures to intruders--e.g., the amount of waste that
must be layered to meet intruder exposure limitation requ1rements. In any case,
all exposures seem:to. Tie within a relatively small range. For. example, -
exposures to all ‘organs:except thyroid range from about 0. 05 mrem/yr to about
0.7 mrem/year. Exposures to the thyroid range from about 0.1 to 1 mrem/year.
These calculated exposures are less (in some cases significant]y less) than

the 4 mrem/year 1imit for drinking water promulgated by the Environmental
Protection Agency in 40 CFR 190. Given the conservatism of the calculational
procedure, and the hypothetical nature of the institution's mechanisms (e.g.,

the facility would be sited and designed so that erosion would not be a prob]em).
it is believed that actual waterborne erosional impacts would be much less.

It is also of interest to compare these calculated exposures to those corres-
ponding to a "no action" case in regard to intruder exposures. In Chapter 4, ‘
"a base case" is considered in which-no consideration is given to intruder ~
‘exposures. Two waste streams included in this base case analysis--L-DECONRS

and N-SOURCES--were excluded from cases 1 through 10 on Table M.9 due to the.
transuranic content of these streams. In'addition, no consideration is given

in the "no action case" to disposing of higher’ activity waste streams by methods,

such as layering, that provide a barrier agaxnst intrusion. The corresponding
waterborne erosion impacts are shown below in Table M.10 for waste spectrum 1.

As.can be seen; the calculated results for the base (no action) case are

significantly higher (two orders of magnitude) for all organs except thyroid.

In general, layering of the higher activity waste streams results in, thyroid

exposures of 10 less than the base case.

3;2 Wind Erosion

The mechanism for mobilization of particulates from soil by wind depends upon
such factors as wind speed, soil properties, and the -nature of the soil surface.
Wind action results in three basic modes of particle motion: surface creep
(particulates above approximate]y 500 pm in size), saltation (particles between
approximately 100 ym and 500 um in size), and airborne suspension (particles

. less than about 100 pm in size). Under surface creep, particles are rolled

along the surface by the push of strong winds and by exchange of momentum after
impact with smaller particles in saltation. Saltation consists of individual
particles jumping and lurching within a few centimeters of the ground. Particles
borne by airborne suspension may be carried through the atmosphere for long
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periods and to great distances from their original location. The mechanism by
which fine particles are lifted off the ground is different from that of
saltation. Samples of soil composed only of fine dust particles may be extremely
resistant to wind erosion, but in mixtures with coarser grains these particles
move readily. Thus, suspens1on of fine dust in air may be primarily the resuilts
of movement of grains in saltation (Ref. 7).

Calculational procedures are available to estimate the soil loss (in gm/m2-sec)
from an exposed area.. Such calculations depend upon such factors as soil
erodibility, soil- rldge roughness, c11mate, and the presence of a cover which
would preclude or greatly reduce wind erosion. As in the case of water erosion,
such covers could include application of a vegetative cover or a layer of gravel,
rocks, or rip-rap. At the reference disposal facility, the soil loss for bare
-s0il1 is calculated to be 4.1 E-7 g/m?-sec. Assuming a soil’ ‘dénsity of 1.6 gm/cm3
~and a trench cover thickness.of 2 meters, this implies that the wind erosion

rate of a bare cover would be about 0.001 cm/yr. This would imply that it would
take 250,000 years for the waste to become exposed. A longer period of time
would be necessary to expose the waste if stabilizing soil covers such as a |
layer of rocks are applied.

However, for the purposes of bounding potential exposures due to water erosion,

it wds previously assumed that wastes would be exposed at a time period equal

to 1,000 years per meter of cover. Given this assumption, a bounding estimate

of the impacts of wind erosion at the reference disposal facility can be estimated.
Similarly to the water erosion case, the equations for calculating total volume

of soil/waste mixture assumed to be mobilized after a long time period (2,000 years
for the reference case) are described in Appendix G.

Conservatively assuming no credit for waste form, the total population exposures
within 50 miles of the facility are calculated for each of the case study cases
in Chapter 5 and presented in Table M.11l. The population is again assumed to be
three times the size of the population within the vicinity of the facility
while the facility is operating. As can be seen, such exposures are very

small and are an order of magnitude or so below those exposures calculated
during the hypothetical operation of a regional incinerator (1870 man-~
millirem/yr).

The exposures calculated and presented in Table M.11 can again be compared with
those corresponding to the base-(no action) case considered in Chapter 4. For
random disposal, a thin cover, and waste spectrum 1, these exposures are
calculated to be as shown in the following Table M. 12
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Table M.11. Airborne Radiq]ogical Impacts Assuming Erosion of the
-Facility Designs .Considered in Chapter 5 Case Study

' ‘Orgah

Case Body  Bone Liver . Thyroid Kidney - Lung -~ GI

(man-millirem/yr)

.19  80.13  55.32 .5.38  21.21 - 76.43

| 1 4 55.32.  U.5.38 0.21°
2 4.19 80.13 55,327 - 5.38 .2l:21  76.43° - 0.21
3 4.19 80.13  55.32° - 5.38  21.21 - 76.43  ..0.21
1A " 4,19  80.13 55,32 5,38  21.21 - 76:43 = 0.21
40°. 419 - 80.01 - S55.24 ~ 5.37  21.18 76.31.. 0.21:
48 - 4.19 80.01 '55.24 - 5.37 21,18 " 76.31. ' 0.21"
4  3.48 69.52 ' 46.05° -5.36  16.14 74.39° 0.19°
40  3.48 . 69.46 46.01.  5.35  16.13 74.33 0.19
4E - 3.48 " 69.46  46.01° ~'5.35 16,13 ~ 74.33 0.19-
'5 4.23 '84.87  55.02 ~ 58.67  18.02 . . 84.85 ~ 0.24.
6 3.48 69.46  46.01 5.3  16.14 74.39 © 0.19
77 311 59.29  40.19  3.17  15.21 70.66  0.23
78° 7.31  137.6  95.00 - .64.53  36.03  111.9  0.38
_ ¢ 7.31 137.6  95.00 ° 64.53  36.03 - ‘111.9 " 0.38
7D 6.11 119.8  79.40 ° 64.51  27.50  108.6  0.35
8 6.09 '119.8  79.50 . 64.58  27.51  108.8 ' 0.32
9 4.22 84.81 55.01 - '58.66  18.01° ' 84.84 = 0.22
10A  3.48 69.52  46.05 5.36  16.14 74.39  0:19
108 6.11 119.8  79.40  64.51  27.50  108.6  0.35
710C. 6 0.35

.10 . 119.5 - 79.22  -64.36 27.43  ©°108.4

Table M.12 Airborne Erosion Impacts for the Base Case

Organ Exposures (man-millirems/yr)

:Sody_ _ Bone . ijygr A Z.Thyrgiq Kidney Lung - GI

| 2.61E+3 5.48E+4 - 3.60E+4 .65.80  1.18E+4 . 4.15E+4  54.28 -

The base case (no action) exposures are again seen to be one or more orders of
magnitude higher. '
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