
TABLE 1-1

Quantifiable Environmental Impacts and Cost

.4Ztemti.e1
Cont*nuedTmk
Pam@eRltti

Occupational Radiation Exposures Based
on SRP Experience, .an-re@ 360

OffSite Pop.latio” Dose risk, mm-red 1,400

Offsite Population DOS. Risk, man-remc 24,000

Offsite Population Dose Risk, .an-re& 2,300

Non-nuclear Accidental Fatalities
frm Construction and operations 17.1

BudgetaryCost, mil lions of 1980
dO1lar,e 510

3,800 2>700 2,400

650 220 340

650 340 340

6.5 6.6 6.2

3,600 3,750 3,610

a. Campaign totals for .11 workers

b. Cmseq.mcestimesprobabilities, sumed over all events and integrated f.. 300 years.

.. Assming tanks are abandoned after 100 years, according to proposed EPA criterion.

d. Integrated for 10,000 year,.

.. Includes capital and operating cost*

TABLE 1.2

Sumary of DiFficult-to-Q.antifyFactors

RelativeDeEree of Action ...
q.ir.d by F.c.re Generations

RelativeCompliancewith Public
Exp,c,.tion,

Conformancewith F’oli.i.?sof
S. C. and G.. State Governments

conformancewith NRC
ReEulati.nsfor Comer. i.lly.
G...,ad.dW.,,.

Potential for Regrets if Future
Economl.$o. TechnoloEy
Indicatea Better Method’

Likelihoodof Successful
Attaim.. t of Required
Implemental<on Technology

Effect on ImplementationDate
Relative to Alternative 2

Require.Additionalh!.nage-
me.t of Deco”laminatedSalt

Alternative 3
Liquidd.
SRP
Bedrock

42

62,000

140,000

2.2

755

Low

IIig),

Hizh

High

High

I{igh

Yes

Mod,,,,,

Moderate

Moderate

M.de.,te,y
>1igh

l{igher

No..

Y.,

Low

l!iEh

Law

High

I!igh

Moderate

Len*then,

Y.,

1..”

Moderate

L..

Low

H:~h

Mod.,.,,

Lengthen,

M.

a. ‘rhisfactor i..olve.both the ease of retrievabilityfrom the stor.gc or disposal site
and the ..s. of s.naT.ti.gthe .adi...ti.. .onsticu..t. fro. the w..t. fem.
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TABLE IV-1

Average Chemical Composition of Fresh
SRP High-Level Waste

Constituent

NaNO3

NaNo2

NaAl(OH) +

NaOH

NaZC03

NaZSO~

Fe(OH)3

MnOz

Hg(OH)z

Other Solids

Concentration
Molar g/L

3.3 281

<0.2 <14

0.5 59

1 40

0.1 11

0.3 43

0.07 7.5

0.02 1.7

0.002 0.5

o.13a 7.8

a. Assuming an average molecular weight

of 60.
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TABLE IV-2

Average Radionuclide Composition of Fresha SRP High-LevelWaste

Radionucli&

95M

144ce-144pr

95zr

9ly

89%

lb’Ce

‘q7Pm
103RU

LU6RU-106m

‘~sr

1 37c~

129Te

127Te

134c~

151~m

238PU

241PU

2‘ ‘Cm

Activity,Ci/ga1

105

68

60

47

36

12

12

10

4

3

3

2

2

1

8 X ICI-2

1 x 10-2

2 x 10-3

1 x 10-3

Radicmucli&

Z!iiAm

99TC

2 39PU

154EU

9 32=

240PU

135c~

126~n-126s~

?9se

233U

1291

2 38
u

107pd

2 37NP

152EU

242PU

158%

235U

Activity,

1 x lIJ-3

5 x 10-b

3 x 10-4

1 x 10-4

1 x 10-”

6 X 10-5

4 x 10-s

1 x 10-5

1 x 10-5

z X 10-S

1 x 10-6

6 x 10-7

s x 10-7

4 x 10-7

2 x 10-7

6 x 10-8

6 x 10-8

3 x 10-e

a. Afterreprocessingfuelthat has been cooledsixmonths
afterdischargefromreactor. See TableIV-6for the
averageradionuclideconcentrationof reconstitutedSRP

Ci/ga1

high-~evelwastein 198S.
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TABLE IV-3

Avera9e Radio. uclide Composition of SRP High-Level Sludge

4.5 x 10’

9,6 x 101

7.6 x 10’

4.4 x 10’

6..0x 10°

3.0 x 10”

1.0 x 10’

5,2 x 10”

2,4 x 101

3,0 x 101

1.6 x 10°

9.4 x 10-’

6.4 x IoO

8.7 x 10’

7,5 x 10-1

1.1 x 10-’

2,4 x 10-’

1.3 x 10-’

1,3 x 101

1.8 x 10-s

2.s x 10-6

a

a
a

3.6 x 101

a
1.6 x 10°

2.8 x 101

1.5 x 100

a

5.9 x 10-~

2,3 x IoO

7.3 x 10-1

1.1 x 10-1

2.0 x 10-2

1,1 x 1O-*

1.5 x 10-’
.
.
a
.
a

9.7 r.IO”

.

s x 10-’

2.4 x 101

1.3 x 10”

‘1

.

4.2x 10-1

7.0 x 10-’

1.1 x 10-’

1.6 x 10-’

9.5 x 10-z

0. value .I . 10-7

TABLE IV-4

Avevage Radion.elide composition of SRP High-Level Supernate

,?adion~<cZid.,ICtiz>it~ ci/g. z
1 5 10

2.6 7.4 x 10-2 8.7 x 10-’

2.T 5.0 x 10-’ .

1.7 x 10-’ 5.7 x 10-9 a

1.0 x 10-’ a a

1.7 x 10-’ a a

1.7 x 10-1 a .

6.1 x 10-$ 2.1 x 10-1 5,7 x 10-2

.1.4x 10-’ a a

6.7 x 10-1 4.3 x 1(1-2 1.4 x 10-3

6.8 x 10-2 6.2 x 10-2 5.5 x 10-2

3.3 3.1 2.7

5.5 x 10-1 a a

3.8 x 10-2 3.4 x 10-6 a

5.1 x 10-2 1.3 x 10-Z 2.4 x 10-3

4,4 x 10-3 4.3. 10-3 4,1 x 10-3

3.8 x 10-5 3.7 x 10-S 3.5 x 10-’

8.1 x 10-6 6,7 x 10-6 5.4 x 10-s

4.5 x 10-6 s.8 x 10-G 3.2 x 10-6

RadionxctideActi.it#,Ci/qaZ
I 5 10

1.1 x 10-’ 1.1 x 10-2 1.1 x 10-2

4.3 x 10-3 4.3 x 10-3 4.3 x 10-~

3.5 . 10-’ 3.5 x 10-3 3.5 x 10-~

1.1 x 10-’ 8,3x 10-+ 5.s x 10-”

8,6 7. 10-’ 8.6 x 10-4 8.6 x 10-+

6,4 x 10-” 6.4 x 10-+ 6.4 x 10-3

2,2 x 10-s 2.2 x 10-5 2.2 x 10-5

1.1 x 10-’ 1.1 x 10-~ 1.1 x 10-4

1.0 x 10-” 1.0 x 1O-Q 1.0 x 10-q

2.1 x 10-’ 2.1 x 10-$ 2.1 x 10-$

9.4 x 10-6 9.4 x 10-6 9,4 x 10-6

6.4 x 10-6 6.4 x 10-6 6.4 x 10-6

4.4 x 10-’ 4.4 x 10-s 4.4 x 10-6

3,9 x 10-6 3.9 x 10-$ 3.9 x 10-6

1.7x 10-6 1.3x 10-6 1.0 x 10-6

6,2 x 10-’ 6.2 x 10-7 6.2 x 10-7

6.0 x 10-7 6.0 x 10-7 6,0 x 10-7

2.7 x 10-’ 2.7 x 10-7 2.7 x 10-7

BudionuclideActio<t&Ci/gaZ
1 5 10

3.6x 10-6 3.6x 10-6 3.6x 10-6

2.5x 10-5 2,5x 10-5 2.5x 10-5

1,1x 10-’ 1.1x 10-’ 1.1x 10-’

6.7 x 10-6 4.8x 10-6 3.2x 10-6

2.4x 10-’ 2.47.10-s 2.4x 10-5

2,1. In-’ 2.1, 10-7 2.I . 10-7

4.6 x 10-$ 4.6 x 10-5 4.6 x 10-5

6.1 x 10-7 6,1 x 10-7 6.1 x ,0-7

6.0 x 10-7 6.0 x 10-S 6.(1 x ,0->

7.1 , 10-9 7.1 , 10-9 7. I , 10-S

S.5 x ,0-, 5.5 x 10”’ 5.5 x 10-8

2.1 x 10-s 2.1 x 10-9 2.1 x 10-9

2.6 x 10-8 2.6 x 10-8 2.6 x 10-8

1.3 x 10-’ 1.3 x 10-9 1.3x 10-9

1,0 x 10-’ 7.8 x 10-9 6.0 x 10-9

a . a

a . a

a . .
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TABLE IV-5

Chemical Composition of Reconstituted SRP

High-Level Waste

NaAl(OH)q

NaOt{

NazC03

Na2S0,,

Fe (OH) ~

MnOs

Hg(oH)z

Other Solids

2.2

1.1

0.5

0.75

0,3

0,3

0.07

0,02

0.002

o.13a

187

76

S9

30

32

43

7,5

1.7

0.5

7.8

0. Assumingan ~ver~gemolecularweight
of 60.

TABLE IV-6

Radionucl ide Content of Reconstituted SRP
High-Level Waste (1985)

Radionuclide

90~r

1 37c~

147pm

14bce-144pT

lslsm

106 RU- 106*

2 38PU

Z&lh

‘“Cm

239PU

Activity,

2.1

2.2

0.77

0.19

0.07

0.03

0.01

0.001

0.001

0.0004

Ci/ga1 Total Activity,Ci

1.3x 108

1.3x 108

4.6 X 107

1.1x 107

4.2X 106

1.8x 106

6.0x 105

6.0X 104

6.0x 10’

2.4X 10’
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TABLE IV-7

Radionuclide Content of DecontaminatedSalt
(lO-year-oldwaste)

Concentration (nCi/g)
Radionuclide Chemically Measured Computer-Calculated

3H NAC

Go
co NA”

90
Sr-Ya 2

99
,~;c 125

Ru-Rhb 287,000
129

I NAC
137
~k$Cs-Ba’r 100

Ce-Prb lo9d
147

Pmb lood
151

Sm <10d
154

Eu ,Id
238

Pua 9
239

Pua 0.3
240

Pua 0.3
241

Pua 2
241

Ama 0.5

57

390

9

220

100,000

0.04

480

220d

5200d

116d

Sled

0.9

0.02

0.02

3.5

0.03

a. With decontamination factors asaumed Cs 104, Sr 103,
actinides 102 (165 for computer-calculated concentrations) .

b. Decay of short-lived radionuclide may contribute to
differences in computer-calculated and chemically
measured concentrations.

c. Not analyzed.

d. Concentratias of rare-earth fission products should be
reduced by a factor of 102 (165) during decontamination
operations.
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TABLE IV-8

Chemical Composition of Decontaminated,
Crystallized Salt

Component Weight Fraction

NaNOs 0.458

NaNOz 0.186

NaOH 0.073

NaAIOZ 0.100

NaCO3 0.078

Na*SOq 0.104

(Note that the nitrate fraction decreases
and the nitrite fraction increases during
the early years of storage.)

Research and development have not progressed to the extent

that the concentration of mercury in the decontaminated salt can
be determined precisely~ hOweVer, the concentration is expected

to be less than 4 x 10- grams of mercury per gram of salt. The
total amount of Hg in the 16.3 million gallons (w120,000 tons) of
salt would then be less than 60 tons.

2. Alternative Storage Modes

Store in Tanks at SRP

The decontaminated salt solution is transferred to tanks out-
side the canyon-type solidification facility and processed through
evaporators. The concentrate is transferred to decontaminated
double-wall carbon steel waste tanks encased in reinforced con-
crete (this is the current design, or Type III, tank). The steel
tanks have an expected life of 50 to 100 years,and the 2.5-ft-thick
concrete encasements have an expected life of several hundred years.
The concentrate is cooled to form crystallized salt. If all the
solution does not crystallize when cooled, the supernate is re-
cycled for further concentration until it does crystallize.

The tanks are monitored at the same level as the current
practice for SRP waste tanks. After one hundred years when the

3oc.r and 137cs i,n the salt have been reduced by a factOrresidual
of 10 due to radioactive decay, the access ports through the tank
covers will be plugged and sealed. Other protective provisions
include a confinement barrier over the tanks, such as reinforced

IV-23



TABLE IV-9

International HLW Immobilization Status

Nation

France

Germany

Eurochem

England

Russia

India

Japan

Sweden

Bocess

Borosilicatc Glass .

Borosilicate Glass

Borosilicatc Glass

bletal h!atrix

Phosphate Glass

Borosi1ic.te G1a.5

Glass or Ceramic

Ceramic

Status/Major Milestone

,,*”~j!! 0.S ton/dayhot pilot plant startup 1978-1979

Production plant startup 1982-1983

,,VEBA, I 0.5 to”[day cold pilot plant operation
consideringFrench ‘,AVM,, process for licensing

Fre”.h “AVL1l, selected for productionplant
VI TRAblET LOTES ) Pi lot Plant

VITRAhfET PAblELA) 1981-1982

,, FINGAL-EMRVEST,, production plant lggo

French ‘fAVblq, under co”sideratio”

Cold pilot-plant,<orkin progress

0.1 ton/day hot plant startup 1979-1980

[lotdemonstrationplant 1986

Laboratorystudies i“ progress
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TABLE IV-10

Composition of Typical

Calelne Composition

Fe203

A1203

MnO*

U308

NiO

SiOz

NaZO

Zeolite

NaN03

NaNOz

NaA102

NaOH

NaZSO~

42.0 wt %

8.5

11.8

3.9

5.2

3.8

4.7

8.8

2.6

0.2

0.2

3.9

1.3

a. Glass will contain

b. Average density of

SRP Borosil icate Glassa’b

Frit Composition

Si02 52.S wt %

B203 10.0

NaZO 18.5

Li*O 4.0

CaO 4.0

TiOz 10.0

28 wt % calcine.

glass will be 2.7 g/cm3.
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TABLE IV-11

High-Level Nuclear Waste Immobilization Forms – Properties Comparison

Waste
Form

Calcine

Rich Clay

Normal Concrete

Hot, Pressed Concrete

Pelletized Calcine

~ Glass

~ Clay Ceramic

Supercalcine

Synroc

Glass Ceram, c

Pellet in Metal Matrix

Coated Supercalcine

in Metal Matrix

Cermet

Devel. Process

Status Complexity
Waste Dispersion

Loading Impact Resis

m-

--

-m

am

mm

-m

-m

mm

m
=
m
m

m
m

Leachabiliw

100”C 350”C

mm
-m
-m



\

TABLE IX-1

Summary of Long-Tern and Shovt-Term Costs and Nuclear Risks

Altemti.e 1
ContinuedTank
F- @e Patio.

Short.Tem Risks, @
..”-,..

Long-T, m Risks ,b 1,76 x 10’
man-rem 2,40 x 10’f

Short-TernCOSI,,C Oa
million,of 1980 dollars

Long.T.~ co,,,,b, c slod
millions of 1980 dollars 3060’

a.

b.

c.

d.

e.

f.

.4Ztemtiue 2
Subcaee 1 Subcos, 2 Subca.e 3
class Shipped ~ Glass in
to Offsite SRP Su?face SRP
Repositor.u Stora<{. St?d,ook

4.60 x 103 2,57 x 103 2.57 x 103

1.30 x 102 2.91 x 102 1,30 x 102

3600 3750 3610

175 175 175

AZtemtive 3
Liquid in SRP
Bed,ock

2.19 x 102

6.2 x 10’

7s5

175

Short-term risks are defined to be those that are incurred from activities addition to preparing
the waste as salt cake and sl.d~e in modern tanks, because such activities are common to all

alternatives. Short-term costs are treated similarly.

Long-term risks and costs are i.te~rated for 300 years,

“Al] costs are in undiscounted 1980 dollars Discc’.ntin8 of 10nE-term costs would reduce their
magnitudes to ne~ligible fractions of short-tern costs for any alternative.

~is is enough for one cyc1. of tank replacement, and is more than enough to establish a trust
fund for perPetual tank TeP1acemenz

This is enough t. replace tanks every 50 years during the .300.year period, undiscounted.

These are risks if tanks are sband.ned after 100 years with probability of 1.0. (A. EPA pyoposed
criterion indicates th8t administrative control should not he relied up.. far more than 100 years. )
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TABLE V-1

SRP Whole Body Occupational Exposure Experience

Number of Total Average Exposure
Employees Exposure,

Year
per Monitored

Monitored Yem Employee, rem

1965 4977 234o 0.47
1966 5032 2074 0.41
1967 5041 2604> 0.52
1968 4875 2412 0.49
1969 4705 2758 0.59
1970 4626 2353 0.51
1971 4836 2401 0.50
1972 5210 1711 0.33
1973 5005 1488 0.30
1974 5138 1367 0.27
1975 5263 1161 0.22

Average over Period 0.42

Maimum
IndividuaZ
Exposu?e, rem

2.9
3.4
3.0
3.3
3.2
3.7
3.3 (24.8)a
3.4
2.7
3.1
2.7

a. Higher value indicated by initial monitoring but not
substantiated by subsequent investigation.

TABLE V-1A

SRP Reprocessing Area Whole Body Occupational Exposure Experience

Number of 2’ota1 Average Exposure Maim
~ZOyees EzPosure, per Monitored Individual

Year Monitoyed rem ~p loyee, rem Exposure, rem

1965 1501 916 0.61 2.8
1966 1497 928 0.62 3.1
1967 1489 980 0.66 3.0
1968 1454 829 0.57 2.9
1969 1441 994 0.69 2.9
L970 1378 868 0.63 2.6
1971 1567 815 0.52 2.8

1972 1756 685 0.39 2.9
1973 1613 742 0.46 2.7
1974 1674 720 0.43 2.9

1975 1781 570 0.32 2.7

Average over period 0.54
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TABLE V-2

Occupational Radiation ExposuresBased on SRP Experience

AZtemtiue

Alternative 1 -

Continue storage in tanks

Alternative2, Subcase1 -

Process to glass; shipto
oFfsite geologicdisposalc

Alternative2, Subcase2 -
~
m Processto glass;surface

storageat SRPe

Alternative2, Subcase3 -

Processto glass;disposal
in SRP bedrockcavernc

Alternative3 -

Slurryliquidwaste
SRP bedrock cavern

into

OperationalModules,rem/ye~ in maxh ye=

Removal
f?om
Tanks Processing Transportatim Storage

5.o~ Not applicable Not applicable 7.6

4.2 2.31x 102 1.40x 102 0

4.2 2.31 X 102 Not applicable 6.7

4.2 2.31 X 102 Not applicable O

4.2 Not applicable Not applicable O

a. See TavleV-4 and text for campaigntimes.

b. ~is exposureoccursonlywhen wasteis reconstitutedand
duringtank decontamination.

c. Thesenumberswere developedspecificallyfor glasswaste
the otherimmobilizationformsbeinginvestigated.

Toti1 per
Maxti Year,
rem

1.26x 101

3.75 x 102

2.42 X 102

2.35 X 102
.

4.2

Totalfor
Campaign,
Pema

3.56X 102

3.75x 103

2.64X 103

2.35X 103

4.2 X 101

transferredfrom an old tank to a new tankand

forms,but shouldbe quitesimilarfor most of



TABLE V-3

OccupationalRadi?tion ExposuresBased on DOE Standards

Operation 1 Modules, rem/yem

Removal

AZtemative from Tanks

Alternative 1 -

Continuestoragein tanks 5.95x Io’b

Alternative2, Subcase1 -

Processto glass;shipto
offsitegeologicdisposalc 5.00 x 101

Alternative2, Subcase2 -

< Processto glass;surface
& storageat SRPe 5.00x 101

Alternative 2, Subcase 3 -

Processto glass;disposal
in SRP bedrockcavernc 5.00~ 101

Alternative3 -

Slurryliquidwasteinto
SRP bedrockcavern 5.00x 10’

fiocessing

Not applicable

2.75 x 103

2.75x 103

2.75x 103

Not applicable

a. See TableV-4 and text ~or cmpaign times.

b. This exposureoccursonlywhen wasteis reconstitutedand
duringtankdecontamination.

c. Thesenumbersweredevelopedspecificallyfor glasswaste
the otherinunobilizationformsbeinginvestigated.

“transportation Storage

Jot applicable 9.04 ~ Iol

[.40x 102 0

Jotapplicable 7.97x 101

iotapplicable O

dotapplicable O

Tots 1

per Year,

rem

1.50 x 102

2.94x 103

2.88 x 103

Total for

Cqaiq,

T&

4.24 x 103

2.94x 10”

3.14x 104

2.80 X 103 2.80 x 104

5.00 x 101 5.00 x 10*

transferredfroman old tankto a new tankand

forms,but shouldbe quitesimilarfor most of



TABLE V-4

Manpower and Time Requirements for Operational Modules

Operation

Tank fam surveillance
and monitoring

Reconstitute, transfer from
old to new tank

Decontaminate old tank

Remove 60 million gallons
from present tanks, transfer
to new processing building

Process 60 million gallons
to glass, 10-year timee

Transport glass offsitee

Air-cooled vault surveil-
lance and monitoring

Offsite salt cavern or SRP
bedrock surveillance and
monitoring

a.

b.

c.

d.

e.

No. of ~ loyeesa

21

20

31

10

550

hood

21

5

Ttie Required

300 yearsb

6 monthsc.

6 monthse

10 years

10 years

10 years

300 yearsb

300 years

Include direct supervision but not indirect overhead.

Occupational exposures would be negligible after this time.
See text.

These operations were assmed to be required once every
SO years for each tank for 300 years. See text.

This case represents truck shipment of the glass form over
a distance of 3000 miles from SRP. Other cases are detailed
in Reference 4.

These numbers were developed specifically for glass mlaste
forms, but should be quite similar for most of the other
immobilization forms being investigated.
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. TABLE V-5

Non-Nuclear Occupational Injuries During Cons

Altemt’ive

Alternative 1 -

Continue storage
in tanks

Alternative 2, Subcase 1 -

Process to glass; ship to
offsite geologic disposalc

< Alternative 2, Subcase 2 -
.
w Process to glass; surface

storage at SRPe

Alternative 2, Subcase 3 -

Process to glass; disposal
in SRP bedrock caverne

Alternative 3 -

Slurry liquid waste into
SRP bedrock cavern

Constmctiun of

Processing

Facilities

Not applicable

46D
5

460
5

460
5

Not applicable

ruction of New Facilitiesa

Fabrication of
Transportation Casks
and Vehicles

Not applicable

39
0.5

Not applicable

Not applicable

Not applicable

Construction of

Storage

Facilities

160&

17

28

0.4

130
1.4

88
1.1

180
2.2

a. Two annual numbers are given in each column for each alternative: top numbers are major
injuries; bottom numbers are deaths.

I
TotsL for
Compaign

1600
17

530
5.9

590
6.4

550
6.1

180
2.2

b. These include construction of new tanks every 50 years during the 300-year period.

c. These numbers we~e developed specifically for glass waste forms, hut should be quite
similar for most of the other immobilization forms being investigated.



TABLEv-6

Non-Nuclear Occupational Injuries Ouring the Operating Campaigna

Altemtive

Alternative 1 -

Continue storage in tanks

Alternative2, S“bcase1 -

Processto glass;
ship to offsite
geologicdisposale

Alternative 2, S“bcase 2 -

Processto glass;
surfacestorageat SRPe

Alternative 2, S.bcase 3 -

Process to glass; disposal
i“ SRP bedrockcaverne

Alternative3 -

Slurryliquidwaste into
SRP bedrock Ca”e,n

fm
Tanks

5.5=
0.0047
0.00059

1.5
0.0013
0.00016

1.5
0.0013
0.00016

1.5
0.0013
0.00016

1.5
0.0013
0.00016

Frooesei~

Not

applicable

80.5
0.078
0.0089

80.5
0.078
0.0089

SO.5
0,078
0.0089

Not

applicable

Not

applicable

d
1.6
0.052

Not

applicable

Ko t

applicable

Not

applicable

3.0
0.0027
0.00034

0.58
0.00051
0.00006

2.3
0.0021
0.00026

0.58
0.000s1
0.00006

0.58
0.00051
0.00006

Tot.z
per YeaY

8.6
0.0074
0.00093

83
1.7
0.061

84
0.O81
0.0093

83
0.080
0.0091

2.1
0.0018
0.00022

Total for
cwai9nb

1160
1.03
0.13

990
16
0.63

1500
1.3
0.17

990
0.87
0.11

190
0.16
0.021

a. Threeannualnumbersare give”in eachcolumnfor each .Iternati”e:topnumbersare minor
injuries;.iddlenumbersare majorinjuries;bottom“.mbersare deaths.

b. See Tablev-4 and text for campaigntimes.

c. Theseincludereco”stituti”g.astes“d transferringr. new tanksevery50 yearsand
decontaminatic,”of old tanks.

d. TransportationaccidentdataWere takenfromReference8.

e. ThesenumbersWere developedspecificallyfor glasswasteforms,but shouldbe quite
similarformost of the otherimmobilizationformsbeinginvestigated.
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TABLE V-7

Injury Rates During Construction of New Facilitiesg

Oeeurrences per Million
Man-flours
Mw’or
In~uries Deathe

Mining Caverns ‘ 25 0.31

Casks and Vehicles 26 0.32

All Other Construction 16 0.17

Construction Time and Manpower Estimates

Construction Qeration

Processing Facilities

Transportation Casks and Vehicles

Set of 24 New Tanks

Air-Cooled Surface Storage Vault

Mining Bedrock Cavern (Liquid)

lliningBedrock Cavern (Glass)

Mining Offsite Salt Cavern

Man-Hours Requ{red
(millions)

29

1.5

17 One set every 50 years
for 300 years

8.1

7.2

3.5

1.1
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TABLE V-8

Injury Rates During Routine Operationsa

Oeeurrences per Mi1lion Man-Hours
Minor M~’or
r~”w..ries Injuries Deaths

50 0.044 0.0055

a. Based on SRP operating
experience over the ten-year
pe~iod 1967-1976.g

TABLE V-9

DOE.Radiation Exposure Limits to Off site Individuals, mrem

Maximwri Exposure to
Individual Averaae

Type Of ExpOSUPe Exposurea Individual

}Vhole Body 500 170

Gonads 500 170

Bone Marrow 500 170

G. 1. Tract 1500 500

Bone 1500 500

Thyroid 1500 500

Other Organs 1500 500

a. These individuals are assumed to be
at the site boundary under conditions
of maximum probable exposure.
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TABLE V-1O

Typical State and Federal

Pollutant

S02

so 2

so*

so 2

S02

Particulate (Fly Ash)

NOX

H*S

Non-Methane Hydrocarbons

Sulfate

Chloride

Nitrate .

Barium

Iron

Boron

Zinc

Chromium

Manganese

Arsenic

Mercury

Copper

Phenol

Air and Water Quality Standardsa’ 12’13

Limiting
Concentration

80 pg/m3

43 ug/m~

1300 Bg/m3

715 Ug/m3

3.5 lb/106 Btu

0.6 lb/106 Btu

100 wg/m3

10 ppm, 8 hr

130 Ug/m3

250 ppm

250 ppm

10 ppm

1 ppm

0.3 ppm

1 ppm

5 ppm

0.05 ppm

0.05 ppm

O.OS ppm

0.002 ppm

1 ppm

0.001 ppm

Cotrunent

Ambient air, South Carolina

Ambient air, Georgia

One-hour, air, South Carolina

One-hour, air, Georgia

Air emission, South Carolina

Air emission, South Carolina

Ambient air, South Carolina and Georgia

Air, detectable effects

Three-hour, air, South Carolina

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

Drinking

a. The above listing is not meant to imply that all
released from the waste management facilities.

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

water standard, Federal

the chemicals would be
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TABLE Y-12

Sumary of Exposure Risks for Alternative 1 Storage of Waste as Sludge and Dump Salt Cake
in Onsite Waste Tanks (Present SRP Waste Management Technique)

Event

Removal from Tanks

Processing

Tra”sporxat ion

storage

Routine Releases

spil1 during Transfer

Explosion

Ssbotage by Dispersal

Airplane Crash

Abandonment

Maxim

Individual
Doe., rem

Not applicable

Notapplicable

Notapplicable

Negligible

2.2 . 10”’

7.8

3.3

4,1

4.1

3,9 x 10-’

ri.e-~ntegrated Risk, 300 Year%, 1.4 x
ma” rem~

Time- l”tegrated Risk, 2.3 .
10,000 years, man--em

Risk with Abandomc”r after 2,4 X
100 vear, b

Populatim Do..
for.Mu<m Ye.,.,

man-,..

Not applicable

Not applicable

Not applicable

1.4

5.3 x 10’

3.0 . 10’

2.3 x 10+

9.8 x 10’

1,1 . 10’

2.7 x 104

10’

1u3

10’

P~obabiIity,
Event./lJew

Not applicable

Not applicable

Not applicable

l.o

5.0 . 10-’

1.0 . 10-’

l.o x 10-’

I.O x 10-5

1.0 . 10-’

1.0 . 10-’

Maim Risk,
m.n-rem/yeo

Not applicable

Not applicable

Not applicable

1.4

2.6

3.0

2,3 x 10-’

9,8 x 10-2

1.1 . 10-’

2.7 x 10-’

a. Integrated annual population risk, accounting for radioactive decay and population growth by
a factor of 5.

b. P.pulati.” risk integr~ted for 300 Years, if tanks are assumed t. be lba”do.ed after 100 Years,
in accordance with proIJoscd EPA criterion on duration of administrative control.
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TABLE v-13

Sumary of Exposuve Risks for Alternative 2, Subca5e 1 - Glass Stored in OffSite Geologic Storage

E“ent

Removal from Tanks

Routin, Rel.ss.s

Sludge Spill

Spill at Inlet

Tornado

Spill

Explosion

sabotage

Beloti-Ground Leaks

Processing

Routine Releases

Process Incidents

Sabotage

Airplane Crash

Transportation

Routine Exposures

Accidents

storage

Ex,ected Release,

NeC1iCible

5.0 x 10-’

1.2 x 10-3

2.0 x 10-3

2.9 . 10-’

7.8

1.2 . 102

1.s x 10-1

2.2 . 10-5

.1.0 x 10-s

4.2 X 101

1.s . 10-’

5.0 X 10-3

6.9 X 10-1

Negligible

1.4

1.5 X 10’

3.7 . 10’

5.4 x 10’

1.1 . 10’

3.0 x 104

3.5 . 10’

1.7 X 10s

1,0

5.0 . 10-2

5,0 . 10-2

6.0 X 10-’

5.0 X 10-’

1.0 . 10-’

1.0 x 10-’

1.0 . 10-’

3,0 1.0

4,2 x 10-1 1.0

8.9 . 10” 1.0 . 10-’

3,1 x 10’ 7.0 X 10-8

6.3 x 10’ 1.0

1,2 x 10’ 1.3 X 10-U

Time-ln~grated Risk, 30o years 6.5 X 102
man-rem

1.3 x 10’ 1.0

Time-Integrated Risk, 6.5 X
10,000 year. , man-rem

. . Eq....l..t .h.le body dose, ,,.

10’

}~mi~ ,Ri.k,
nlm.,em/lJear

1.4

7.5 x 10-1

1.9

3.2 x 10-2

5.4

3.0

3.5

1.7

3,0

4.2 x 10-3

8.9 x 10-1

2.2 x 10-’

6.3 x 10’

1.6 X 10-’

1.3 x 102

b. Integr?.ted .....1 population risk, accounting for radi.active decay and population

growth by a factor of S.
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TABLE V-14

Sumnary of Exposure Risks for Alternative 2, Subcase 2 - Glass Stored in OnSite Surface Storage Facility

Event

Removal from Tanks

Routine Releases

Sludge Spill

Spill at Inlet

Tornado

Spill

Explosion

Sabotage

Below-Ground Leaks

Pr0ces5inE

Routine Releases

Process Incidents

Sabotage

Airplane Crash

Transportation

storage

Sabotage

Airplane Crash

Abandonment

M.h
I%iividua1
Dose, rem

Negligible

5.0 X 10-’

1.2 x 10-’

2,0 . 10-’

2.9 x 10-’

7.8

1.2 x 10’

1.s x 10-’

2.2 x 10-’

:1.0 . 10-’

4.2 x 10’

1.s x 10-’

Not appl ic.able

1.9

1.5 x 10-’

Negligible

Time-Integrated Risk, 300 years 2.2 x
...-,em@

Time- 1ntezr8ted Risk, 3.4 x
10,000 year. , man-rem

1.4

1.5 X 10’

3.7 x 10’

5.4 x 10’

1.1 x 10’

3.0 X 10’

3,5 x 10’

1,7 x 105

3.0

4.2 x 10-1

8.9 X 10’

3.1 . 10’

Not applicable

3.8 X 10’

3.1 X 10’

0

10>

102

Prob.bdlity,
Event8/year

1.0

5.0 X 10-2

5.0 . 10-’

6,0 X 10-’

5.0 . 10-3

1.0 . 10-’

1.0 x 10-’

1.0 . 10-’

1.0

1.0

1.0 . 10-’

7.0 X 10-8

Not applicable

1.0 x 10-’

7.0 X 10-’

1.4

7.5 x 10-’

1.9

3.2 x 10-’

5.4

3.0

3.5

1.7

3.0

4.2 . 10-’

8.9 X 10-’

2.2 . 10-’

Not applicable

3,8 x 10-’

2.2 x 10-’

0

.. Integrated annual population risk, accounting for radioactive decay and population growth
by a factor of 5.
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.TABLE v-15

Sumnary of Exposure Risks for Alternative 2, Subcase 3 – Glass Stored in SRP Bedrock

E“ent

Removal from Tanks

Routine Releases

Sludge Spill

spill at Inlet

Tornado

Spill

Explosion

Below-Ground Leaks

Processing,

Routine Releases

Process Incidents

Sabotage

Airplane Crash

Transp.rtat i..

storage

Expected Releases

NeE1igible

5.0 X 10-$

1.2 x 1O-*

2.0 x 10-3

2.9 x 10-2

7.8

1.2 . 10-2

1.5 x 10-1

2.2 x 10$

<1.0 x 10-s

4.2 x 101

1.5 . 10-1

Not applicable

Negligible

Time- Integrated Risk, 300 years 3.4 .
man remu

Tine- Integrated Risk, 3.4 x
10,000 years, man-rem

Poplatim Doe.
f.?Muxb rear,
In’m-rm

1.4

1.5 X 10’

3.7 x 101

5.4 x 10’

1.1x 103

3.0 x 10’

3.5 x 10’

1.7 x 105

3.0

4.2 x 10-1

8.9 X 10’

3.1 X 10’

Not applicable

1.3 x 102

102

10’

hobabi lity,
/year

1.0

5.0 X 10-2

5.0 % 10-2

6.0 x 10-’

5.0 x 10-3

1,0 . 10-’

1.0 x 10-’

1.0 x 10-s

1.0

1.0

1.0 . 10-’

7.0 X 10-0

Not applicable

1.0

1.4

7.5 x 10-’

1.9

3.2 x 10-2

5.4

3.0

3.5

1.7

3.0

4.2 X 10-’

8.9 X 10-’

2.2 x 10-5

Not applicable

1.3 X 10’

a. lnteErated . . ...1 p.pulat ion risk, accounting for radioactive decay and populat i.” growth

by a factor of 5.
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TABLE V-16

Sumnary of Exposure Risks for Alternative 3 – Unprocessed Waste Slurry Stored in SRP Bedrock

man t

Removal from Tanks

Rout in. Releases

Sludge Spill

Spill at Inlet

Tornado

Spill

Explosion

Sabotage

Below-G,ound Leak,

Processing

Transportation

storage

ExPected Releases

Earthquake with
Shaft Open

Earthquake after
Sealimg

M.+
I&ividua1
Dose, rem

Negligible

5.0 X 10-+

1.2 x 10-3

2.0 x 10-3

2.9 . 10-2

7.8

1.2. 10’

1.5 . 10-1

Not applicable

Not applicable

Negligible

7.6 X 103

<1.7 X 102

Popht ion Dose
for MaximumYeaP,
man-rem

1.4

1.5 x 101

3,7 x 10’

5.4 x 10’

1.1 . 10’

3,0 X 10’

3.5 x 10’

1.7 x 10’

Not applicable

Not applicable

1.3 X 102

3,8 x 108

8.3 X 106

Sabotage before Sealing 3.0 x 10’ 1.5 . 10’

Sabotage after Seal ing 2,8 X 102 1.4 x 107

Time- l”tegrated Risk, 300 years, 6,2 x 10’
man-remc

Time-Integrated Risk, 1.4 x 10’
10>000 year,, man-rem

W.babi lity,
me*ts/yea.

1.0

5,0 x 10-’

5.0 x 10-’

6.0 x 10-’

S.o . 10-’

1.0 x 10-’

1.0 x 10-’

1.0 x 10-5

Not applicable

Not applicable

1.0

3.3 x 10-5

3.3 x 10-’

1.0 . 10-’

3,3 x 10-1”

Mah Ri.k,
ma.-,em/~em

1.4

7.5 x 10-1

1.9

3,2 x 10-2

5.4

3,0

3.5

1.7

Not applicable

Not applicable

1.3 X 10Z

1.3 x 10$

2,8 X 10’

1,5 X 10’

4.6 x 10-3

a. Integrated annual population risk, accountiny,for radioact iv. decay and population growth

by . factor of 5.
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TABLE V-17

Moderate and No,de, ign Basis Accidents Postulated for Repository in Salt

s.f.txs~.tem

Positive latching

grapple ,yste. a.d
CO”sem.tl. elv

R.lease,Ci F7.obabilitv

2 x io-’lyrCanister drop in
surface facility

canister handling crane
fails

canisterbreacheson
iqact

3X10-’, ‘O S,;

3.10-’, 137CS;

1 .5x10-6, ‘~apu;

6.0x10 -6, 239P.; t.
building atmosphere

sized crane

8.ilding filter
,ystem

Canister drop down
.,”. shaft

Ca.istered waste shaft
hoist fails

Canister breaches .“
impact

Failsafe wedge type
braki.g system

l.!incexhaust filter
system

1.5X1O’, 90s,;
1.5x1O’, ‘3’CS;
7.5.101, 239P.;
2.9, “’P.; of
5..11 particles t.
nine atmosphere

50..,8.,.. “UCI,,,
weaPan burst, o“ surface
above repository

Crater formed to 340 m
with fracture zone to
500 m

Repository depth
of 600 m

None

Repository breach

by meteor

1,3x1O:, 90S,;
1!7C,;

:;~io l,apu.

2.4X16’, ‘39;”;
half to stratosphere,
half a, local f,llout

&lctearwith sufficient
..ss a“d velocity to f.nm
2-km-dia crater impact.
repository area

2-kn!-dia crater extends
to waste horizon, dis-

persing 1$ of waste to
atmosphere

Repository depth
of 600 m

2 . 1O-’’IY,

Repos ito,y breach
by drilling

societal changeslead
to 1.$. of repository
records and locacio”
markers

Rep..it.ry depth
of 600 m

liepasitory marked by
monument, and records
kept securely

7X10-7, 90S,;
7X1O-’, ‘“c,;
7X10-3 2$ePu;
1,5 ,i,pu.

,,
distributed in
drilling mud over
1.2 acres in the
top 2 in, of soil

Not detenmi.ed

Drilling occurs 1000 yr
after .10,”,,

Site criteria . nor
desirable resource,

Volcanism \Jolca”icactivity at
reposit.ry carries
wastes t. surface

Site critcri. . no
history or potential
for volcanic activity

Less than accident
below

Not determined

2 x 1~”’’lY,Repository breach
by faulting and
.ro”.dwater

Fault intersects
repository

Access is created by

pr.,,.re between .quifer.
waste, and surface

Site criteria 10.
seismic risk z.”.

Site criteria
minimal gro..dwater

Repository depth of
600 m

6X10-’, 90S,;
6X10-’, 137CS;

238P”;6,
1.2X1O’, ‘39P.;
released to the

gro..d..,.,1000Y,
aftermine closureAq.if.r c~rries haste

to surface

Repository overh!!rde.
subjecttohigh erosio,)

Site criteria low
erosion rite.
Repository depth of
600 m

Le., than breach
b, 3 meteor

Not determined

Criticality not feasible
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TABLE V-17A

Possible ExDosures and

Accident Description

Canister drop down
mine shaft

Repository breach
by meteor

Repository breach by
faulting and flooding

Repository breach
by drilling

Risks from Geologic Repository

Moxh Individual Maxim Indiv<&a2
Exposure, rem Risk, Wobability
(70-yr uhole-body Times Consequence,
comitment ) rem/yem

1.4 x 10-5 1.8 X lo-]3

5.5 x 10 6 I. I X 10-6

7.4 x ]03 3.()x IO-11

1.1 x 104 Probabi1ity
Intermediate
(<s x 10-3)

4. Offsite Land Contamination

Levels of radionuclide deposition that would require evacuation
of people and restrictions on farming and milk production are
discussed in more detail in Reference 8 and are given below in
Table V-18. The deposition limits were derived from the dose
criteria given in Table V-19, which are also discussed in
Reference 8.

TABLE V-18

Radionuclide Deposition Limits for Evacuation and Restrictions
on Farming, Ci/m2

~acuation Restrictions on Fining
Direct First

Isotope Radiation Inkahtion Year Long Tem

90~r
2 x 10-4 4 x 10-5 2 x 10-4

137CS 3 x 10-5 1 x 10-3 2 X 10-6 8 X 10-5

238,239PU - 1 x 10-7 -
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TABLE V-19

Radiation Dose Criteria

Evacuation Ltiits

External Irradiation 10 rem to whole body in 30 years

Inhalation 75 rem to critical organ in 50 years

Farm{ng Restrict{ws (Short !i’eYWf)

90~T 5 rem to bone marrow in first yeara

137~~ 5 rem to whole body in first yeara

Farmi~ Restrictions (<l yeur)

9oc.r (5 rem to bone marrow in 50 years)/year

137CS ‘(lrem to whole body in 50 years)/year

a. The 50-year dose commitments due to these exposures in
the first year are about 25 rem to the bone marrow from
‘OSr and 5 rem to the whole body from 137CS. (Almost all
the dose from 137CS is received in the year in which it

is ingested. )
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Only two’operatiorlalmodules have potential for causing
off-site land contamination for any of the abnormal events con-
sidered. These two are sabotage during removal of waste from

tanks (common to all three alternative plans) , and sabotage

during processing tvaste to glass (unique to Altel-native2).
Tbe consequences, if each of these events did occur, are given
in Tables V-20 and V-21, respectively, in terms of land contami-
nated and people evacuated.

TABLE V-20

Contamination Effects from Sabotage During Removal of
Waste from Tanks

Distance from
Release, km

15-20

20-25

25-30

30-35

35-40

40-45

45-50

50.55

55-60

Total Offsite

Acres Requiting
Decontamination

8.5 X 103

1.1 x 104

1.3 x lo~

1.6 X 104

1.8 X I(J4

2.1 x lo”

2.3 x Ioq

2,5 X 104

0

1.3 x 105

People Moved

2.2 x 103

3.2 X 102

0

0

0

0

0

0

0

2..5X 103

TABLE V-21

Contamination Effects from Sabotage During Waste Processing

Distance f?om Acres Requiring
Release, km Decontamination PeepZe Moved

15-20 8.5 X 103 0

20-25 0 0

Total Offsite 8.5 x 103 0
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TABLE V-22

Dose to Individual Drinking River iiater and/or Eating Fish after
Runoff from Decontaminated Salt Tanks Damaged by an Earthquakea

Nitrate-Nitrite Concentrations O. 027% EPA drinking water limit

MeTcury Concentrations O. 13% EPA drinking water 1 imit

Individual Whole Body Dose,
Drinking Water O.17 mrem/yr

Individual Bone Dose, Drinking
Water 0.08 mrem/yr

Individual Whole Body Dose,
Eating Fishb 11 mrem/ yr

-----------

Population Dose Risk over
105-Year Periode

a. Assumes the amount of
after decontamination

residual

is equal

7.2 man-rem

radioactivity in the tanks
to or less than the radio-

nuclide content of the salt and that 10% or less of ,the

residual activity is transferred to the salt. Also assumes
25% of the tanks containing salt are damaged and 10% of the
salt and radionuclides released from the tanks reach the
river.

b. Assumes this individual eats 25 pounds of fish per year.
The present commercial fishing industry could supply about
200 such people.

c. Based on a probability of 10-3/yr for an earthquake of
intensity of W IX which is required to damage the tanks
containing salt. Assumes 25% of the tanks are damaged.
Estimates sho~~that 100 years are required for rainwater entering
the tanks to dissolve the salt and empty the tanks. Also assumes
the population drinking water and eating fish caught commercially
increases by a factor of 5 during the period.
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be used for any purpOse with a restriction which would prohibit
drilling, mining, Or any Other actiOn that wOuld breach the
caverns.

If the alternative to continue storing high-level waste in
tanks is chosen, approximately 50 acres of land will have to be
committed every 50 to 100 years to build new tanks to replace
the existing tanks. Presumably, however, when the tanks are
emptied every 50 to 100 years, they could be decontaminated and
dismantled so the site could be used for the next generation of
tanks; if this can be accomplished, additional land will not have
to be committed for waste tanks.

TABLE VII-1

Irreversibleand IrretrievableCommitmentof Resourcesa

Continue Glass Fom to a Federal Repository
Tank Fam Offsite Onsite Onsite Liquid to

Storage Geological surface Geological Bedrock

Land, acres 80b 100C 12s lood lod

Concrete,
cubic yards x 103 375e 100 125 125 25

Carbon steel,
t0n5 x 103 70 20 25 25 5

Stainless steel,
tons x 103 5 10 10 10 1

Electricity,

MW-hr x 103 350e 900 900 900 40

Coal, tons x 103 lsog 600 600 600 10

Cost, billions of
1980 dollars 0.510 3.60 3.75 3.61 0.755

a. Estimates based on experience with similar facilities; assumes 10 years
of glass-forming operations.

b. Assumes old tanks are dismantled after they are emptied and new tanks

are built in same area.

e. Glass-forming plant only; excludes land for offsite Federal repository

d. Excludes surface restriction prohibiting drilling or mining

e. Assumes replacing tanks five times in the first 300 years and maintaining
surveillance for 300 years.
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TABLE XI-1

Radionuclide Deposition Limits for Evacuation
and Restrictionson Farming, Ci/m2

Evacuation Restrictionson FamiW
Ieotope DirectRadiation Inhalation FirstYem Lower

90~= 2 x lIJ-’ 4 x 10-5 2 x 10-4

137c~ 3 x 10-5 1 x 10-3 2 X IO-G 8 X 10-5

238,239pu 1 x 10-7

TABLE XI-2

Radiation Dose Criteria

EvacuationLimits

External Irradiation 10 rem to wholebody in 30 years

Inhalation 75 rem to criticalorganin 50 years

FarmingRestrictions
(ShortTe?vn)

so~r 5 rem to bone marrowin firstyeara
137~S 5 rem to wholebody in firstyea~

Fting Re8trictiotis
(>1ye~)

90~=
(5 rem to bonemarrowin 50 years)/year

137c~ (1rem to wholebody in 50 years)/year

a. The 50-yeardose commitmentsdue to theseexposuresin the
firstyear are about25 rem to the bonemarrowfrom 90Sr and
5 rem to the wholebodyfrom 13’CS. (Almostall the dose from
1s7CS iS ~eceived in the year in whichit is ingested.)
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TABLE XI-3

ContaminationEffects from Sabotage During
Removal of Maste from Tanks

Distance from Acres

Release, kni Decont&mted Peep le Moved

1s-20

20-25

2S-30

30-35

3.5-40

40-45

45-50

50-55

55-60

8.5 X 103

1.1 x lo”

1.3 x 104

1.6 X 104

1.8 x 104

2.1 x 104

2.3 X 104

2.5 X 104

0

2.2 x 103

3.2 x 102

0

0

0

0

0

0

0

Total Offsite 1.3 ~ 105 2.s x 103

cost $3.0 x 10’ $1.2x 107

TABLE XI-4

ContaminationEffects from Sabotage During
WasteProcessing

Distance from Acres
Release,ti Decontaminated Peep le ,Voued

15-20 8.5 X 103 0

20-25 0 0

Total Offsite 8.5 x 103 0

cost $2.0 x 10’
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TABLE XI-5

Summary of Costs and Exposure Risks for Alternative 1:

Storage of Waste as Sludge and Damp Salt Cake in Onsite Waste Tanks

(Present SRP Waste Management Technique)

Removal From Tanks

PrOces. inE

Transl,ort.t ion

storage

I<outine Releases

SI,ill During Transfer

Explasi. o”

Sabot:ige by Uispers:,l

Sabotageby Explosion

,$irplancCrash

,Ibando”me”t

Popu lotion Dose

for )’iaim Year,
nu.rl-P@m

Not applicable

Not ap],licable

Not apl,li.able

1,4

5,3 x 1D2

3,0 x 10*

2.3 x 10”

9.8 X 103

1.1 x 10’

2.7 X 104

Tin>c-lnteg~atcd Risk, ma,l-rcn, (300 year. )

(\uith abandonment)

Risk Lraluc at $1000 jma71-rem, millions

Btldgct:cryCost, millions

Total Cost, millions

Incremental Cost-Risk, dollars lma”-rem

Time -lntcgratcd IIi.k, ma”-rcm (10,000 years) 2.3 X 103

Natural Background Exposure, man-rem (10, LIO[1 years) 1.(1 x 10”

Possible lVastc hP.nageme,lt IIcaltb Effects 0,5

Ilcalth Effects from Natural Ba. kgrou”d 2,000,000

.Probability,
events/LJear

Not applicable

Not applicable

Not apl,licable

1.0

5.0 x lD-3

1,0 x 10-”

1,0 x 10-5

lo x 10-5

1.0 x 1[)-5

1.0 x 10-5

2.4 x 10’

$24

$s10

$534

(Base Case)

l~mtiw) Ri6k>
mnn-l”er?7/yenr

Not applic:,blc

Not applicable

Not .I,plicablc

1.4

2.6

3,0

2.3 x 10-’

~.8 x 10-’

I. IX1O-’

2.7 X 1[1-1
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TABLE XI-6

Summaryof Costs and ExposureRisksfor Alternative2-Subcase1:
Glass Storedin Offsite GeologicStorageand
DecontaminatedSalt Cake Stored in OnsiteUndergroundIiasteTanks

Population D08e

forMax<mum Year.
Event man-rem

Removal From Tanks

Routine Releases 1.4

Sludge Spill 1,s x 101

Spill at Inlet 3,7 x 101

Tornado 5.4 x lo!

Spill 1.1 x 103

Explosion 3.0 x 10’

Sabotage 3.5 x 10s

Below-Ground Leaks 1.7 x 105

Processing

Routine Releases 3.0

Process Incidents 4.2 X 10-1

Sabotage B.9 X 10’

Airplane Crash 3.1 x 102

Transportation

Routine Exposures 6,3 x 101

Accidents 1.2 x lo~

Storage

I!,xpectedReleases I,3X 102

‘Vin)c.integrated Risk, man-rem (300 yr)

Ilisk.L,alucat $1000/man-rem, millions

B{,dgetaryCost, millions

‘TotalCost, miIlions

IncrcmcntalCost-Risk, dollarsfman-rem

‘liMC-Integrated Risk, man-rem (10,000 yr)

%ttural Backgrot,ndKxposurc, man-rem (10,000

l>Oss iI>le\VastcNa”agcmcnt )IcalthEffects

I{e:,lth [;ffeet+ frOm Natural BaCkgro,,”d

yrj

Probability,
even t8/year

1,0

S.o x 10-2

5.0 x 10-2

6.o X 10-’

5.0 x 10-3

1.0 x 10-4

1,0 x 10-s

1.0 x 10-5

1,0

1.0

1.0 x 10-5

7.0 x 10-8

1,3 x 10-’

2.1 x 10-s

1.0

6,s x 102

0.65

$3600

$3600.7

$132,000

6,5 X 102

1.0 x 10”

0.1

2,000,000

Maxim Risk,
man-rem/year

1,4

7.5 x 10-1

1.9

3.2 X 10-2

5.4

3.0

3.s

1.7

3.0

4.2 X 10-1

8.9 x 10-1

2.2 x 10-s

6,3 X 101

1.6 x 10-2

1,3X 102
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TABLE XI-7

Summaryof Costs and Exposure Risks for Alternative 2- Subcase 2:

Glass Stored in Onsite Surface Storage Facility and

Decontaminated Salt Cake Returned to Onsite Naste Tanks

Event

Remova 1 From Tanks

Routine Releases

Sludge Spill

Spill at Inlet

Tornado

Spill

Explosion

Sabotage

Below-Ground Leaks

Population Dose
for Maximum Year,
man-rem

1.4

1.5 x 101

3.7 x 101

5.4 x 101

1.1 x lo~

3.0 x lo”

3.5 x 105

1.7 x 105

~obability,
euents/year

1.0

5.0 x 10-z

5.0 x 10-2

6.o x 10-’

5.0 x 10-3

1.0 x 1O-*

1.0 x 10-5

1.0 x 10-5

Processing

Routine Releazes 3.0 1.0

Process Incidents 4.2 X 10-1 1.0

Sabotage 8.9 X 10’ 1.0 x 10-5

Airplane Crash 3.1 x 102 7.0 x 10”8

Transportation Not Applicable

Storage

Sabotage 3.8 X 103 I.OX1O-5

Airplane Crash 3.1 x 102 7.0 x 10-8

Abandonment o

Time-Integrated Risk, man-rem (300 yr) 2.2 x 10’

IRiskValue at $1000/man-rem, miIlions $0.22

Budgetary Cost, millions $3750

‘TotalCost, millions $3750.2

Incrcmcntal Cost-Ilisk,dollars/ma”.rem $135,000

Time-Integrated I{isk,marl-rem(10,000 yr) 3.4 x lo~

Natural Background Exposure, ma”-rem (10,000 yr) 1.0 x 10’0

Possihle }VastcNa”agemc”t IlcalthEffects 0.07

IIcalthEffects from Natt,ral Background 2,000,000

Minim Risk,

man-rem/year

1.4

7.5 x 10-1

1.9

3.2 x 10-2

S.4

3.0

3.5

1.7

3.0

4.2 X 10-’

8.9 X 10-1

2.2 x 10”5

3.8 X 10-2

2.2 x 10-s

o
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TABI.E XI-8

Summary of Costs and Exposure Risks for Alternative 2-Subcase 3:

Glass Disposed of in SRP Bedrock and Decontaminated SaltCake Stored

in Onsite Underground Waste Tanks

Population Dose
for M&m Year, Probability,

3?oent man-rem euents/year

Removal From Tanks

Routine Releases 1.4 1.0

Sludge Spill 1.5 X1O’ 5.0 x 10-2

Spill at Inlet 3.7 x 10’ 5.0 x 10-2

Tornado 5.4 x 101 6.0 X 10-4

Spill 1.1 x 103 5.0 x 10-3

Explosion 3.0 x 104 1.0 x 10-’

Sabotage 3.5 x 105 1.0 x 10-5

Below-Ground Leaks 1.7 x lo~ 1,0 x 10-5

Processing

Routine Releases 3.0 1.0

Process Incidents 4.2 x 10-] 1.0

Sabotage 8.9 X 104 1.0 x 10-5

Ai=plane Crash 3.1 x 102 7.0 x 10-8

TTan5p0rtati0n Not Applicable

StOrage

Expected Releases 1.3 x 102 1.0

Time-l“teErated ltisk,man-rem (3U0 yr) 3.4 x 102

I{iskVal~,eof $1000/man-rem, millions $0.34

Budgetary Cost, milliozls $361U

‘TotalCost, millions $3610.3

lncrcmcntal Cost-Risk, dollars/ma”-rcm $~~g,o(]o

‘Iinle-IrltcgratellRisk, man-rcm (10,0(10yr) 3.4 x 102

NattlralBackgrot,”dl:xposurc,man.rcm (10,000 yr) 1.0 x 1010
!>Oss ihlc \Vastcbla”agcmcntIIc;iIt),I:ffects 0.07

Ilc>lltbl:ffects from Nat,,ralIklckground 2,000,000

MmiM Risk,
mm-rem/year

1.4

7.5 x 10-1

1.9

3.2 X 10-2

5.4

3.0

3.5

1,7

3.0

4.2 X 10-1

8.9 X 10”]

2.2 x 10-5

1,3 x 102
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TABLE XI-9

Summaryof Costs and ExposureRisksfor Alternative
UnprocessedWaste SlurryDisposedof in SRP Bedrock

PopuLatim Dose
for Maximwn Year.

Event man-rem

Removal From Tanks

Routine Releases 1.4

Sludge Spill 1.5 x 101

Spill at Inlet 3.7 x 101

Tornado 5.4 x 10’

Spill 1.1 x 103

Explosion 3.0 x 10+

Sabotage 3.5 x 105

Below-Ground Leaks 1,7 x 105

Pr0ce5sing

Transportation

Storage

Expected Releases 1.3 x 102

Earthquake With Shaft Open 3.8 x 108

Earthquake After Sealing 8.3 x 106

Sabotage Before Sealing 1.5 x 109

Sabotage After Sealing L.4 x 107

Time-integrated Risk, man-rem (300 yr)

l!iskLjalucat $1000/man-rem, million.

Budgetary Cost, millions

rOtal Cost, million.

I“crcn)cntalCost-lti.k

Time-Ir>tcgratcdIlisk,ma”-rcm (10,000 yr)

3:

Bobabi lity,
events/year

1.0

S.o x 10-2

5.0 x 10-2

6.0 X 10-’

5.0 x 10”3

1.0 x 1O-*

1.0 x 10-5

1.0 x 10-$

Not Applicable

Not Applicable

1.0

3.3 x 10-5

3.3 x 10-6

1.0 x 10-$

3.3 x 10-’”

6,2 x 10’

$62

$755

$817

1,4 x 10’

,Vat,lralHackgrot,ndExI>05urc,nlan-rcm(10,000 yr) 1.0 x 1010

[>assiblcWaste hl;,nagcmcnt)IcalthEffects 28

IIealthl:ffccts from Natural Background 2,000,000

u. ‘The negative value indicates this :iltcrnativc i. more

cx],c. sivc a“d h:ls higher risk th:ln !Ilternativc 1.

Maxim Risk,

M-rem/year

1.4

7.5 x 10-’

1.9

3.2 X 10-2

5.4

3,0

3,5

1.7

1.3 x 102

1.3 x 104

2.8 X 101

1.s x 10+

4.6 X 10-3

.
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TABLE XI-11

CorrectiveActions for Typical Events

Type of c08tof
Corrective Corrective
Action Action, $

Air-Cooled Vault tith Glass

Sabotagewith conventionalexplosives

Airplanecrash

Tank Farm

Abandonment

Sabotageby spraying

Sabotagewith conventionalexplosives

Airplanecrash

TtiassicCavern

Expectedreleases

Explosionin cavern

Earthquakewith open shaft

Earthquakeaftersealing

Sabotagewith conventionalexplosives

Sabotageby drilling

A 3 x 106

A 3 x 106

B 2 x 106

A&B 5 x 106

A&, B 5 x 106

A&B 5 x 106

None required ---

None required ---

D 2.0 x 10’

c 2.5 x 107

D 2.OX 107

Noneapplicable ---
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TABLE XII-1

QuantifiableEnvironmentalImpacts

Occ,lpational Radiation Exposures Based

on SRP Experj. e”ce, man-rema

Occupational Radiation Ex ostires Based
Eon DOE Standards , man-rem

Off site Population Dose Risk,

man-remb (300 yr)

Off site Population Oose Risk,

man-remb (10,000 yr)

Of fsite Population Dose, man-rem

(300 vears)

Aztematiue 2

Altematiue 1 Subcase 1 Subease 2 Subease 3 Alternative 3
Continued Gzass shipped Glass in Glass in Liquid in
Tank Fa>m to O.ffsitl? SRP sur,~ace SRP SRP

@erati on Repository StoraQe Bedrock Bedrock

360 3,800 2,700 2,400 42

4,300 30,000 32,000 28,000 500

1,400 650 220 340 62,000

2,300 6S0 340 340 140,000

230>000,000 230,000,000d 230,000,000 230,000>000 230,000,000
.,.

FrcI” Natural Radiation, man-rem

(10,000 years)e
7>700,000,000 7,700,000,000?,700,000,000 7,700,000,000 7,700,000,000

PotentialforAccidentalOf fsitc Land

Contamination (from Sabotage) , acres 130,000 139,000 139,000 139,000 130,000

Non-Nuclear Accidental Fatalities

from Construction and 0pe=ation5 17.1 6,5 6.6 6.2 2.2

Budgetary Cost, millions of 1980 dollars 510 3,600 3,750 3,610 7s5

a.

b.

c.

d.

Campai@ totals for .11 workers.

Conscque”ces times probabi Iities, summed over .11 events and integrated for 300 years and 10,000 years

For the same time period and population as above.

The natural radiation calculations assume tbe population distribution around the of fsite repository

would be the same as around the SRP site. mi. is conservative, because the off site repository
would probably be located in a sparsely populated region.
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TABLE XII-2

Sumnaryof UnquantifiableFactors

Relative Degree of Action Re-
quiredby FutureGenerations

RelativeCompliancewithFublic
Expectationsa

Conformance with Po1icies of
SC and GA State Governments

Conformance with NRC Regulations
for Comercially-Generated
Waste

Potent ial for Regrets if Future
Economics or Technology ~
Indicates a Better Method

Likelihood of Successful Attain-
ment of Required Implementalion
Technology

Effect on Implementation Date
Relative to Alternative 2 –
Subcase 1

Requires Additional Management
of Decontaminated Salt

Alternative 1
~t~e~
Tank Faz?n
@erntiOn

High

Low

Low

Low

Low

Highest

Shortens

Wo

Altemtive 2
gticase 1 Subca8e 2 Subcase 3
Glass SFaipped -Eti~ Chx
to Offsite SRF Surface
Repository Storqe

High

High

High

High

High

Yes

Moderate

Moderate

Moderate

Moderate

Moderately
High

Higher

None

Yes

SRF

Bedrock

kw

High

Low

High

High

kderat e

Lengthens

Yes

a. Based on pre-draft cements and proceedings of ~E and EPA meetings on public policy issues.
documented in Reference 2.

s+

Bedrock

Law

Moderate

Low

Law

High

Moderate

Lengthens

No

Also

b. ~is factor involves both the ease of retrievability from the storage or disposal site and the ease
of separating the radioactive constituents from the waste form.



TARI.F xII-3

Summary of Long-Term and Short-TermCosts and Nuclear Risks

Short-Term Risks, man-rem

Long-Term Risks ,b man-rem

Short-Texm Costs ,C
millions of 1980 dollars

beLong-Ter?aCosts, J
millions of 1980 dollars

Alternative 2

Subcase 1 S&casa 2 Subcase 3
Alternative 1 Glass Shipped Glass in ~
Continued Tank to Offsite SRP SuTface SRP
Fam Gperation Reposi torq Storage Bedrock

@ 4.60 X 103 2.S7 X 103 2,57 x 103

1.76 X 103 1.30 x 102 2.91 1.30 x 102
2.66 X 103 1.30 x 102 1.20 x 102 1.30 x 102

Oa 3600 3750 3610

51 ode 175 175 175
3060
102.000

Alternative 3
Liquid in SRP
Be&ock

2.19 X 102

6.2 X 10*

1.4 x 105

755

175

c. Short-term risks are defined to be those that are incurred from activities additional to preparing
the waste as salt cake and sludge in modem tanks, because such activities are COIMIIO”to all
alternatives. Short-term costs are treated similarly.

b. Long-term risks and costs are integrated for 300 years and for 10,000 years.

c. All costs are in undiscounted 1980 dollars. Discounting of long-term costs would reduce their
magnitudes to negligible fractions of short-term costs for any alternative.

d. This is enough for one cycle of tank replacement, and is more than enough to establish a trust
fund for perpetual tank replacement.

e. This is enough to replace tanks every 50 years during the 300-year period or the 10,000-year period,
undiscounted.
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