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Errata A Priori

:his report has been referenced by M. 0. Cloninger in tt doewwnts, PL-
SA-8706 and IP11.3540, as being publihed in 1980. he mterial for these two
docwwnte ws taken fram an earlier draft of this report. Suces that tie,
soms change in th refferend mterial has occurred. Aough most of the
changes are nt of maor consequce, they should be noted by thou usin this
docunnm for reference.

he rost isrpotant change is that the significance of a 10r per yer
release rate as a point of sensitivity to consequence was faind only in the
reference "ilt site wtzys and not in the non-salt wnlisie reported here
(see the section on '6kfreene Salt versus Won-satt Sites in this documnt).

Other ch 8gee ham no signifioant irpact on the conclusions of te above
docoments.
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FOREWORD AND EXECUTIVE SW#LWRY

If the geologic setting for a deep permanefit repository for spent nuclear

fuel is appropriately chosen, there is little technical reason to design a

nuclear waste package and other engineered barriers to a ensured performance

level other than that required for transportation and emplacement of the waste

into a repository. If placed in highly plastic media, the waste package must

also be engineered to withstand short periods of backfilling and settling to

overburden pressure, and must be retrievable. Because the remote possibility

exists that humans might accidently cowe in contact with the waste through the

ground- and surface-water system, considerations should be made to engineering

the disposal system to reduce the consequences of such an occurrence.

The 'as low as reasonably achievable (ALARA) portion of the waste-dis-

posal-system licensing process can be based on the results of systems analyses

of engineered barriers (e.g., this report), performance modeling of proposed

waste packages and systems, and predictions of the capital and operating

expenses for the candidate systems. These three sources can also help provide

a basis for meeting or revising regulated performance criteria, which are

usually expressed in terms of allowable consequences or actual in situ per-

formance levels for the engineered barriers themselves.

When the ALARA cost/benefit work is sufficiently rigorous, end the regu-

lated minimum performance parameters are met, the application of utility

curves from decision theory to the cost/benefit analysis may lead to new
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SUMARY

This report evaluates the effectiveness of engineered barriers in delay-

Ing or reducing the rate of release of radionuclides from spent fuel In geo-

logic repositories in granite and basalt. be assumed that the major exposure

pathway from the repository to humans would be the ground-water system overly-

ing or underlying a site. Hence, this report focuses on groundwater path-

ways. A geosphere transport model, GETOUT, and the biosphere transport/dose

models, ALLDOS and PABEL, were integrated and used to calculate the potential

radiological dose that might be recieved by humans at various times after

repository closure. Presumably, radioactive material would reach humans if

they drank contaminated water; used contaminated water for irrigation and

stock water; ate contaminated aquatic organisms; or swam in affected waters.

Because the geology of a waste disposal site may retard radionuclide

migration, the model was used to simulete the relative retardation capacity of

granite and basalt. Release of radionuclides to the environment can also be a

function of 1) the rate of release of radionuclides from the repository,

2) the time it takes for leaching to begin, 3) the aquifer flow velocity, and

4) the flow pathlength to the biosphere.

The results of this study pertain to the performance of engineered bar-

riers in reference spent-fuel repositories located in granite and basalt. The

following conclusions have been drawn from our work:

* Regional geology is the most effective barrier to the release of

radionuclides to the biosphere. For long-lived isotopes of carbon,

technetium, and iodine, however, the geology is not very effective

once leaching and transport have started, because these elements

are poorly sorbed onto geologic media.

i The most effective function of engineered barriers is to reduce the

rate at which radionuclides are released in a

reference granite and basalt sites, a release

repository. For the

rate of less -- -. .
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than 10- yr1 (fractional) Is necessary to reduce potential doses

from 14C. 99Tc and 1291 to a baseline level below that of the acti-
nides. Beyond this level, a rate of considerably less than 10-5

yr-1 Is required before the potential dose from the actinide chains

can be further lowered by this mechanism. Only in extreme cases of

the intrusion water well case (ground water travel time less than

500 yr) is there a linear relationship between release rate from

the repository and release to the biosphere for the actinide chain

daughters.

Below a 10-6 per year repository release rate, the radiological

consequences due to even the actinide daughters are generally

linear with repository release rate, and any reduction in release

rate would lead to a reduction in dose. Thus, an Oas low as rea-

sonably achievable' (ALARA) cost/benefit approach is appropriate

for determining the optimal release rate. Such an approach would
balance predicted performance versus consequences versus cost and
should Include reasonable probabilities, account for geochemical

limits to release rate, and the 2-D effects of the flow field.

* Containers, sealants and other engineered barriers will not signi-

ficantly reduce radiological doses unless they delay the start of

leaching for more than 100,000 years.

* Specific nuclides of concern for extreme conditions of the general

case (early, fast release from the repository, short ground-water
transport times) are the fission products 14C, 99Tc and 1291. For

the more likely and moderate conditions of the general case, the
important jaclides are 241 Am as a source of 23yNp and its daughters
(2 3 3U 229Tt 225Ra); 2 4U and 238U primarily as a source of 226Ra

but also as dose contributors themselves; and 226Ra and its daugh-
ters (especially 210Pb and 210 Po). For extreme conditions of the
intrusion well case, the dominant nuclides were 14C,241Am, 2 43Am,

ftSe, and 239Pu.
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This one-diMensical, deterministic analysis is quite conservative and

ignores several phenomena that tend to reduce both the magnitude of potential

dose consequences from a deep geologic repository and the sensitivity of those

consequences to the performance of engineered barriers.

The technical incentives for providing the above functions via engineered

systems can only be reduced from those described above if the actual limita-

tions to mass transport in a backfilled deep geologic repository, the Ceo-

chemical kinetics, thermodynamic equilibria, and the three-dimensional hydro-

logic system are rigorously taken into account and if, additionally, the

natural biological saturation limits are used in the dose model.

Calculating absolute dose estimates is not the main intent of this work

(evaluating relative potential dose reductions via engineered barriers per-

formance is), but this discussion would not be complete without some estimate

of the result for expected conditions. Even in a highly disrupted, deep geol-

ogy, the natural limitations of volumetric flow restrictions, transport dis-

tances and geochemical interactions will likely by themselves limit the bulk

release rate to 10-4 per year or less and provide a ground-water travel time

on the order of 5000 yr or more. Given these parameters, our very conserva-

tive calculations for the reference granite site predict that the maximum

individual would receive an incremental lifetime critical organ dose (cumula-

tive) of one rem or less and a lifetime average annual total body dose of

nominally 10 mrem per year from the entire repository. The average Individual

would receive substantially less. Furthermore, even though it has not been

rigorously demonstrated, it appears that under the most conservative condi-

tions, the transport analysis methodology used in this work overestimates

resultant consequences by at least an ord . of magnitude; thus, these calcu-

lated absolute dose estimates are likely quite a bit higher than what can

actually occur. The methodology is particularly conservative for the analysis

of the Intrusion well case, because 3-dimensional dispersion effects, which

can be very important for short transport distances, are not considered.
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1. IMTOCTION

The development and characterization of waste forms, containers, and

other engineered barriers destined for use in the disposal of nuclear waste in

deep geologic repositories has progressed to the point there there are several

options among the combinations of barrier systems that are available to help

ensure safe disposal of nuclear wastes. However, a rigorous basis has not yet

been developed to define whether various concepts or products are required or

desirable, or how durable they should be for how long. This analysis is a

consequence analysis designed to contribute to that basis. The intent of the

study is to oetermine what incentives exist for providing highly effective

engineered barriers for the isolation of spent feel in a deep geologic reposi-

tory, based on what effect, if any, the engineered barrier may have on the

ultimate potential dose to humans living in the future.

Engineered barriers ds used here are considered to be anything that man

places in the repository to enhance the containment of radioactive material,

including the waste form, containers, and backfill iaterials.

Potential dose comitments were calculated using an integrated geosphere

transport and biosphere transport/dose model. The geosphere transport model

simulates the release of radionuclides from a repository through contact with

and leaching by flowing ground water, subsequent transport of nuclides in the

ground water (including the effects of convection, hydrodynamic dispersion,-

reversible sorption and mineralization, and radioactive decay), and ultimate

release of the nuclides to the surface water (lake or river) or to an intru-

sion water well borehole. Output of the geisphere model is the input for the

biosphere model. The biosphere model predicts the radiation dose to humans

frou. the nuclide release to surface waters via several pathways, including

direct ingestion of water, aquatic foods, and irrigated food products, as well

as irradiation from shoreline deposition and swiLi!%a. Food chain reconcen-

tration/accumulation effects ire incluted.

- sensitivity analysis was performed by varying four important system

parameters the waste radionuclide release rate, the delay prior-to

- (
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ground-water contact with the waste (leach initiation), aquifer flow velocity,

and flow pathlength to the biosphere. The first two parameters represent the

net effectiveness of the near-field repository system and the latter two are

partially representative of the far field effectiveness.

The radionuclide release rate was varied from 102 to io-6 fraction per

year of the entire repository contents. Delay prior to leach initiation was

varied from one to one million years after repository closure. Combinations

of aquifer flow velocity and pathlength were varied such that the ground-water

travel time from the repository to the biosphere ranged from 500 yr to 106 yr

for the general scenario in granite and 500 to 2 x i06 yr in basalt. Ground-

water travel time from the repository to the water well borehole varied from a

ninicmum of 50 yr up to 106 yr in granite 2od 2 x 106 yr in basalt.

This analysis is limited to locking only at engineered barriers whose net

effect is either to delay ground-water contact with the waste form or to limit

the rate of release of radionuclides into the ground water once contact has

occurred. It does not address the effectiveness of eng;..eered barriers that

provide other functions, such as altering the characteristics of the near-

field ground-water system (Eh, pH), except as they might reduce release rate

or delay the onset of leaching, or barriers That provide warning of the exis-

tence of the waste to future generations. Furthermore, the analysis considers

only leach scenarios, including a water well Intrusion into the ground water

near a repository. This report does not consider other human intrusion events

(e.g., excavation) or extreme, disruptive events (e.g.. volcanic action

affecting the repositoy or sudden thrusting of the repository to the sur-

face).

The analysis documnented here Is a supplement to a more detailed study

(Cloninger, Cole and ihshburn 1980) of the effectiveness of engineered bar-

riers in reducing poteztial long-term radiological consequences from a refer-

ence salt site repository.

Past consequence analyses of generic repositories (Burkholder and

Cloninger 1978; Burtholder, Cloninger. Baker, and Jansen 1976; Burkholder

; - - ~~. 2- . . .-
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1976; Cloninger, Cole, and Vashburn 1980) developed a methodology for assess-
-Ing potential consequences of nuclide release from a repository. Similar
methodology is used in this analysis and is described in detail in the next
section.
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2.0 METHODOLOGY

The analysis Is based on predicting the potential releases from a deep

geologic repository due to a process involving ground-water Intrusion into the

repository, leaching and transport of nuclides to the surface, and transport

of the nuclides in the biosphere where they cause radiological dose to humans.

Releases to the biosphere are converted to a dose to a maximally exposed indi-

vidual ("maxim. individual) in order to determine, through parametric analy-

sis, what effects the properties of engineered barriers may have on that

resultant dose over a range of geohydrologic conditions.

2.1 THE SCENARIO

Ground-water leaching and transport are assumed to be the highest-risk

pathways enabling radionuclides to migrate from the storage site through the

geosphere to the biosphere. This assumption is made even though the relative

risks of all of the various pathways have not been evaluated. The scenario on

which this study was based Involves the following steps:

* penetration of the repository by ground water

* failure of the waste container or containment function

* leaching of the radionuclides from the waste form

* transport of the nuclides through the surrounding geology to the

biosphere

* transport of the Puclides through the biosphere to man

e interaction of the nuclides with man.

The geologic repository system provides barriers to the first four steps

in the process. The transport of nuclides from the repository to the bio-

sphere is limited by several factors, such as the dissolution rate of the

waste form at repository conditions; the chemical composition of the ground

water, especially its pI, Eh, ionic strength, and its content of complexing

2.1



agents; and the sorption capability of the repository media and all geologic

media along the ground-water flow path. These factors are, of course, inter-

related. For example, water velocity and flow direction are a function of

aquifer porosity, effective permeability, and hydraulgc gradient. They can

also be affected by the thermal gradient near the repository. Also, the solu-

bility of the waste form and the set sorptive selectivity of the geologic

media can be greatly affected by the pH, Eh, and ionic strength of the ground

water.

Through these factors, the geologic repository system provides two gen-

eral means of protection from radioactive waste. The first means Is contain-

ment of the waste for a sufficient length of time for the hazardous nuciides

to decay to innocuous levels such that unrestricted release to the environment

presents no radiological hazard. The second means is to limit the rate at

which nuclides are released to the biosphere such that their concentration in

the constantly renewed local surface water and air never exceed acceptable

limgts. Actual repository systems will provide protection using some effec-

tive balance of these two.means.

The availab'e system components that provide the means for this protec-

tion can be reduced to 1) the waste form, 2) the containment package, and 3)

the geology (including hydrology). Engineered barriers such as nonhomogeneous

waste forms (e.g., micro-encapsulation), overpacks, and special backfill can

.be considered part of one of these components.

The scenario Involving human-caused intrusion through a water well can

essentially short-circuit the protection from nuclides already dissolved in

the ground water that the far-field geologic system provides. The intrusion.

well scenario is chosen as a limiting case of the leach incident pathway.

The radionuclide inventory used in the analysis represents one.fifth of

the total spent, unreprocessed fuel (no-recycle case) accumulated in the U.S.

through the year 2050 that was used in the Commercial Waste Management Generic

Impact Statement, C1GEIS (DOE 1979). The assunption is that there would be
five operating repositories, each containing an equal fraction of the total

2.2
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U.S. spent-fuel accumulation. The inventories of the radionuclides in the

repository are shown in Table 1 for various times after repository sealing in
the year 2050.

2.2 THE MODELS

The geosphere transport model is a second-generation Fortran version of
the GETOUT code (DeMier, Cloninger, Burkholder, and Liddell 1979), a one-
dimensional analytical model that simulates the release of radionuclides fro

a repository through contact and leaching by flowing ground water, subsequent

transport of the nuclides in the ground water (including the effects of con-

vection, hydrodynamic dispersion, reversible sorption and osner-alization, and

radioactive decay), and predicts the ultimate time and rate o' release of the

nuclides to the surface water (lake or river) or water well intake.

To simplify the analysis, a multitude of parameters is reduced to terms
representing the net effect of several more complex phenomena. The release

rate of nuclides into the flowing ground water (source term) Is a constant
rate approximation of what way, in reality, be a more complex release func-

tion. The model parameter representing the rate-limiting capacity of the

engineered barriers is the inverse of the release rate (fraction/yr), or the

constant rate release durat 4on in years. The model parameter representing the

conbined effectiveness of the engineered barrier's containment ability and the

stability (or integrity) of the surrounding geology Is the delay (years) In

the start of a release from the repository, measured from the date of reposi-

tory closure.

The sujor hydrologic parameters are the dispersivity, ground-water flow

rates, and total pathlength to the biosphere, which are functions of the

porosity, permeability, net hydraulic head and gradient, anc fracture patterns

of the geologic media. For this analysis, these parameters have been reduced

to net ground-water flow velocity, total migration pathlength, and a net dis-

persion coefficient. The flow velocity and pathlength, though modeled sepa-

rately, Pre combtned for graphic presentation into a single parameter:
-groundwater travel time (pathlength/flow velocity). A minor degree of

2.3



TABLE 1. Repository Nuclide Inventories in Curles at Various Times After Closure in Year 050
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2.0GOW-0 2.00.004 2.000C4 2.00'004 2.004004 2.0004 1.99004

2.88.009 2.86.008 2.80.005 2.70-01 2.38-021 0.00 0.00
.32+003 7.32+W3 7.32+003 7.32+003 7.32+003 7.32+003 7.30oM03

3.54M0L 3.54+004 3.S4+004 3.S2*004 3.48+004 3.32.004 2.88+004

6.36.007 2.86.007 2.62+006 2.22+004 2.68W03 1.68-027 0.00
0.00 0.0) 0.00 0.00 0.00 0.0D 0.00
1.33.005 4.14+002 1.25-005 1.14-020 0.00 0.00 0.00
9.02.007 1.19+006 2.72.000 1.42-011 0.00 0.00 0.00
1.24+005 1.24+005 1.24+005 1.24+005 1.24.005 1.24+005 1.23+00S

1. 10005 7.84.002 2.80-0O4 3.58-017 0.00 0.00 0.00
0.00 0.00 .0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.38+007 5.18+)A5 5.304000 0.00 0.00 0.00 0.00
3.38+007 3.34+007 3.24+007 3.04+007 2.48400/ 1.21.007 1.56M006
1.69.004 1.70+004 1.73+004 1.78+004 1.88.004 2.30+004 2.46+004

2.04-005 8.66-005 3.16-004 1.30-003 1.99-003 1.01-002 7.30-002

1.01+003 3.88e002 2. 16+001 6.68-002 2.90-010 0.00 0.00
1.30.004 1.29+004 1.25+004 1.19+004 1.01+004 5.60.003 L.OS+003

100000

0.00

2.46*003

1.40-001
0.00
0.00
9.04+003

0.00
0.00
0.00
9.66.004

0.00
1.29.000

1.9*

0.00
7.26+003

1.63*004

0.00
0.00
0.00
0.00
1.19+005

0.00
0.00
0.00
0.00
1.*19003
2.640D4

1.88-001

0.00
2.96*0MO

3000Om

0.00
3.98*005

2.44.003

4.44-012
0.00
0.00
1.07+003

0.00
0.00
0.00

1.271000

1.87+004

0.00
7.10.003

4.44+003

0.00
0.00
0.00
0.00
1.084005

0.00
0.00
0.00
0.00
1.47-006
2.62.004

2.84.001

0.00
1.53-007

1.U0000

0.00

2.38.0103

0.00
0.00
0.00

0.00
0.00
0.000.00
3.984001

0.00
1.29.000

1. 59*004

0.00
6.64.003

3.50001

0.00
0.00
0.00
0.00
7.84.004

0.00
0.00
0.00

0.00
0.00
2.598004

1.274000

o.00
4.N6-033



TABLE 1. (conr.d)

Po
CA

24Ip u
241AI
23 7ftp
233U
229Th
246Cin
2 42 pu
238U

242pq.,
236pU
73 8 Pg
234U
230Th2 20R&
24 7cm243c,,
2 39 pu
235U.231 pa
250C'
250Cf
2 49 Cf

2 52 Cf,

1.00.000

1.s55009
2.30+008
2.52+004
9.32+000
2.46.002
0.00
1. 18+005
2.40.004
5.50.005
6.*70005
c. 72+001
1. 1 7+008
8.80.004
2.94.001
2.86.001
0.00
1.02+006
I .30.005
2.20+007
1.34+003
3.04+000
0.00
0.00
0.00
0.00
0.00

100

1.43.0M7
2. 40+0U
6.34+004
1.91+001
1.32.001
0.00
1. 18+00S
2.40.004
3.48+005
4.24+005
0.00
5.404007
1.07.005
9.86+001
e.44+000
0.00
1.01+006
44 88+003
2.18+007
1.34+003
5.42+000
0.00
0.00
0.00
.0.00
0.00o

300

1. 21004
1.50.008
4.84.004
6.58.001
1. 16000
0.00
1.18.005
2.40+004
8.86+004
1.08.005
0.00
5.34+006
1.24+005
3.72+002
2.18+001
n.00
9.80+005
2.24.001
2.5l0oo
1.35+003
1.30+001
0.00
0.00
0.00
0.00
o.00

1000

1.20M004
5. 74+007
1.04+004
2.32.002
9.58.000
0.00
1.10+05
2.40+004
5. 74003
7.00.003
0.00
6.204004
1.30.005
1.08+003
2.00+002
0.00
9.28+005
0.00
2.14+007
1.36+003
3.10+001
0.00
0.00
0.00
0.00
0.00

Time (ynrs)
3000 10

MOM 1.003604

1.0100f4 5.62.003
2.34.006 5.62+003
7.60"004 P.22.004
6.04+002 3.30.003
5.32.001 1.14.003
0.00 0.00 .
1.18.005 1.16.00S
2.40.004 2.40.004
6.28-001 0.00
7.74-001 0.00
0.00 0.00
1.494000 0.00
1.30.005 1.28.00S
2.44+003 1.07+004
2.44+003 8.30+003
0.00 0.00
7.74+00S 4.10S
0.00 0.00
2.0200? 1.67+001
1.394003 1.53+003
6.584001 2.78.002
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

30.000

1005.003
1.05+003
8.18R004
7.184M03
3.80.003
0.00
1.12+00S
2.40+004
0.00
0.00
0.00
0.00
1.22+005
2.14+004
1.91+004
0.00
6.70+004
0.00
9.4"M006
1.b7.003

.5M0002
0.00
0.00
0.00
0.00
0.00

100.000

2.96.000
2.964000
8.00.004
2.82.004
2.58.004
0.00
9.86.004
2.40.004
0.00
0.00
0.00
0.00
1.054005
6.68.004
5.74.004
0.00
1.18.002
0.00
1.31.006
2.06.003
1. 72.003
0.00
0.00
0.00
0.00
0.00

300000

.. 54.007
1.58-007
7.050004
4.28.004
4.10.004
0.00
6.84+004
2.40.004
0.00
0.00
0.00
0.00
S.66W0S
5.96W004
5.96.004
0.00
1.594006
0.00
4.46.003
2.08.003
1.90.003
0.00
0.00
0.00
0.00
0.00

1 000 000

4.88.033
5.14-033
5.98W004
6.34+004
6.38.004
0.00
1.9o0004
2.40.004
0.00
0.00
0.00
0.00
3.04+004
3.34.004
3.34+004
0.00
4.50.034
0.00
1.03-005
2. 10.003
2.10.003
0.00
0.00
0.00
0.00
0.00
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accuracy is lost in codbining pathlength and flowrate parameters due to some-

what different net hydrodynamic dispersion effects at different flow velocity

and pathlength combinations; however, it does allow the presentation of

results from a multitude of transport calculations to be presented, keyed to a

single parameter.

Outout data of the geosphere model are the input data tor the biosphere

codes PABIK (Napier, Kennedy and Soldat 1980) and ALLDOS (Ste ]e, Napier,

Peloquin, and Zimmerman 1980). The biosphere model predicts the radiation

dose to humans from the nuclide release to surface waters via several path-

ways, Including direct ingestion of water, aquatic foods, and irrigated food

products, as well as irradiation from shoieline deposition and swimming. Food

chain reconcentration/accumulation effects are included. For the general sce-

nario, the biosphere parameters are the same as were used In CWM./GEIS, and

have been held constant througtiout the analysis. The intrusion well scenario

parameters are the same as used In Cloninger, Cole and Washburn (1980), with

exceptions as noted in following sections.
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3.0 REFERE}CE REPOSITORY SITES

The models were applied to siulatc a leach incident release from a

repository in two reference sites having potential ranges of characteristics

as listed in Table 2. The ranges for the reference salt site are also listed

in Table 2. The 100-year constant rate leach duration was set as a minimum,

representing the fastest possible release of nuclides (1%/yr) from the

repository due to solublity and mass transfer limitations in a backfilled

repository and assumes no credit for any rate-limiting capacity of the

engineered system. Actual solubility-limited release rates for most elemental

ions of interest are probably much lower. The 100-year value is not based on

TABLE 2. Reference Sites Parameter Sumnary

Range Used for Reference-Site Calculations

Parameter

Release Rate (yr-1)
_ .

Salt(a)
1.OE-2 to 1.DE-9

Granite
1.OE-2 to I.OE-6

Basalt
L.OE-2 to 1.OE-6

Migration Pathlength
(km)

-General scenario
-Intrusion well
scenario

Ground-Water Velocity
(m/yr)

5.6E+0 to 6.4E+l
1.6E-1 to 6.4E+1

1.7E-1 to l.lE+l

l.OE+O to I.5E-:1
l.OE-I to I.SE+1

l.SE-2 to 2.OE+0

1.6E+1 to 3.2E+1
1.6E+O to 3.2E.1

1.6E-2 to 3.lE+l

Ground-Yater Travel
Time (yr)

-General scenario
-Intrusion well
scenario

Leach Initiation Delay
(yr)

Diipersion Coefficient I
(m /yr)

(a) Cloninger, Cole, and

i.0E+2 to 3.7E+5 5.OE+2 to 1.OE+6
L.4E+1 to 3.7E+5 5.OE+1-to l.OE+6

5.0E+2 to 2.OE+6
5.6E.1 to 2.0E+6

1.OE4O to l.OE+6L.OE+O to1.0E4-6 1.OE+0 to I.OE46

1.6E-2 to 4.2E+1 2.

Washburn 1980.

3.1
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any actual solubility or volumetric flow data.. The 'delay prior to leach

Initiation' parameter range is arbitrarily chosen in order to cover a very

wide range of possibilities without regard to initiating events or processes.

The remaining site parameters and para eter ranges In Table 2 are based on

measured and estimated data from characterization efforts at various sites as

discussed in the following subsections.

3.1 ISOLATIMN EFFECTIVENESS AND GEOBYDROLOGIC PARAMETERS

Determination of a reasonable range of geohydrologic parameters for a

reference repository site in various geologic settings is a difficult task

because of the comlex interactions between the various geohydrologic param-

eters. The process of determining an expected value and range for the major

parameters that control the effectiveness of geohydrologic system involves not

only knowing the geohydrologic properties and waste-water-media Interaction

properties of the host rock but also the kinds of values for these properties

of the media that lie between the host rock and the biosphere. One Must also

know what kind of environment and climate the site or sites are located in and

many other factors such as the location of the recharge and discharge sites of

the aquifer above and below the host rock, as well as the size, interconnec-

tion and extent of these aquifer systems.

Three principal geohydrologic quantities determine the effectiveness of

the geohydrologic system in minimizing the impact of releases from a breached

repository on man. These parameters are ground water travel time, the varia-

tion in travel time, and thL sorption selectivity of the geologic media.

Travel time = jisource (sas) ds

where:

s position along the flow pat

site

- (s) -porosity at position s

3

Ah fran

. . .

. . . .

. . . .

Is the repos1tory to the discharge
. . .

- -

. . .

I
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K(s) - hydraulic conductivity at position s

6(s) - gradient in potential along the flow path at position s.

The variation in the travel time from the repository to the biosphere can

result from various sources. Variation in travel time is a function of:

1) the character of the flow field, geczetry of discharge site, and

type of release scenario

2) distribution of the source in the hydrologic system

3) the hydrodynamic dispersion caused by the tortaosity and heteroge-

neity of the geologic media.

The effect of variation in travel time that occurs from (1) and (2) above is

generally many times greater than from (3). The effects of (1) and (2) are

omitted in a one-dimensional analysis; however, the significance of any errors

due to ignoring such effects is large only when the dimensions of the reposi-

tory are large compared to the flow path to the biosphere entry point as in

the case of the extreme water well scenario. Thus, the extreme well scenario

is quite conservative. The importance of these effects is discussed more

fully in the "Perspective" section and Appendix D of (Cloninger et al. 1980).

3.2 DESCRIPTION OF A REFERENCE REPOSITORY IN GRAIITE

Granite is a viable host rock for nuclear waste repositories because of

its many suitable characteristics (KBS 1978, INFCE 7/41 1979, INFCE 7/13 1979,

INFCE/DEP 7/21 1979). As one of the most abundaRt rock types in the earth's

crust, granite occurs at the surface in large, tectonically stable platforms

and monotonous, unifor, units. At depth, granite is generally a poor source

of water. Granite masses have good mechanical strength and can be mined in a

relatively safe and economical manner. Granite masses rarely contain signifi-

cant ore deposits, which reduces the chance of human intrusion.

Some of the potential disadvantages result from the presence of some
water at depth and the low thermal conductivity of the rock. Mater presence
: is generally of little concern since the flow rtes and velocities at
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repository depths are believed to be very low. The low thermal conductivity,

while of concern, can be accosnodated by proper emplacement design.

3.2.1 Generic Description of the Granite Geohydrology

A granite site would typically be in a flat, low-lying, stable platform

area where erosion has reached a mature stage. The surface would consist of

granite outcrop and surfical deposits of till and clay a few meters to a few

tens of meters thick. Beyond this upper layer of till, the strelgraphyiwould

be granitic or gneissic. Regional tilt would be on the order of 10-3 rn/, and

local topographic variations would be approximately 10-1 skr. Hydrologic dis-

charge sites would consist of the lakes, rivers, and streams that drain the

area. Recharge is typically from rainfall and possibly from lakes, rivers,

and streams. Repository sites would typically be located below recharge

zones, which are as distant as possible from discharge sites. This would

ensure that waters entering the repository would move downward through the

rer sitory into deeper, more regional circulation systems enroute to the bio-

sphere.

The granite masses consist of solid rock blocks and contain only micro-

fracture systems in or between mineral grains (hydraulic conductivity <10-11

m/sec), surrounded by fracture planes or joints. These joints are discontinu-

ous in their own planes, and flow in these rock masses is dominated by the

flow in the more or less interconnected joint sets. Fractures or joints in

these large rock masses, in most cases, are continuous over distances that are

about three to four times the average fracture spacing. These larger masses

of rock, where flow is dominated by the joint systems, frequently contain more

highly interconnected discrete fracture zones, which can be identified via

various geophysical methods. Fracture zones are generally much more permeable

than the surrounding rock masses, varying from a meter or so in width to tens

of meters in width and hundreds to thousands of meters in length. The hydro-

logic properties of discrete fracture zones are dependent on the stresses that

formed these systems, as well as the stresses which now exist 1,; the rock mas-

ses. Shear zones, for exmle, are generally filled with broken or crushed

rock and may be embedded in clay. Figure I illustrates a fractured rock mass
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FIGURE 1. Schematic of Fractured Rock

having joints and discrete fracture zones. While the microfracture systems in

the solid rock blocks do not contribute significantly to the flow of ground

water, they allow the diffusion of nuclides fraw the active fractures and

Joints--thus delaying transport times. This kinetic effect Is discussed in a

report by Neretnieks (1979).

The upper portion of the granitic systems, which can extend from the sur-

face up to, in some cases, a few hundred meters, is often characterized by

higher perreabilities due to the more extensive and coherent network of fis-

sures. With increasing depth, there is a transition to larger spacings

between fractures or joints that are less interconnected.

Sites deep in a granite system can make excellent repositories, because

these sites contain blocks of solid rock that are very massive and distant

from major fracture and discharge zones. Massive blocks of solid rock ensure

greater isolation of wastes.

3.2.2 Permeability (Hydraulic Conductivity) and Porosity

As already discussed, flow in granite systeus is dominated by flow in

fractures. In these large areas of rock mass away from the discrete fracture

'zones, it is the degree and nature of the fracture's or Joint's interconnec-
tion with othefr fractures or joints which determine the permeability of the
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rock mass. Since laboratory studies (Gale 1975, Iwal 1976) indicate that, for
single fractures, hydraulic conductivity is a function of the aperture squared
and the flux is a function of the aperture cubed, it is understandable that
analysis of field data on permeability and porosity of hard rock systems sug-
gests a logarithmic variation with depth (Davis and Turk 1964, Snow 1968).
Fractures represent the most deformable component of crystalline rock, thus
accounting for the rapid decrease in permeability and porosity with depth due
to the increasing normal stresses.

Table 3 and Figure 2 Illustrate the range of measured perneabilities for
granitic and other crystalline rock. Figure 3 Illustrates the ranges in
matrix porosity data that have been measured. Table 4 Illustrates the values
for permeability and porosity used in the INFCE release consequence analysis
(INFCE 7121 1979).

In the IKFCE study, the porosities and hydraulic conductivity were
assumed to vary linearly on a log-log plot of conductivity or porosity with
depth. The slop: used is Implied from the values given at 1 and 500 meters in
Table 4. Data cited on effective porosity measurements via a variety of
methods and for various granitic rocks (KBS 1978) indicate values for porosity
between 0.028 and 0.001 (m3/m3). The three-dimensional ground-water flow
modeling of the FinnsJo area of Sweden (KBS 1978, Stockes and Thunvick 1978)
indicates that a i-km2 repository would fit in an area where ground water
takes longer than 3,000 years to reach the surface. In these studies the
hydraulic conductivity of the rock blocks dominated by flow through joint sys-
tens varied with depth according to

K io.-0003Z-6 (mIsec!

where Z is the depth in meters below the surface. The porosity value was con-
stant in the KBS study at 0.0001. The above variation of K with depth corre-
sponds to a value of10-6 mPsec at the surface and 10-7.5 in/sec at 500 . below
surface. The discrete, high-conductivity fracture zones that were included in
the model had conductivity that varied as
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TABLE 3. Ranges of Permeability for Various General Rock Types

Hydraulic
Conductivity 1.0 lr 10o2 1 or-3 1 o-4 10r5 10-6 I10r.7 10-8 ICrq 9 10rl 10-11

mn/s .

Permeability 105 l04 103 102 101 1.0 ior 1  Ior2 0r3 10-4 IorS Io6
Darcies

Degree of Very High Moderate Low Very
Permeability High Low

Shale
to...(fractured) Sandstone- I

- (solution cavities)- Limestone and dolomite- (unfractured)-- l
.I-.---(fractured or weathered)-Volcanic rocks, excluding basalt-

(cavernous and fractured)- Basalt (dens)
I-- weathered) Metamorphic rocks

t'O- Bedded salt
.o-m(weathered) Grante -type rocks

W1.S
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FIGURE 2. Ranges in Permeability for Crystalline Rock as a Function
of Depth. (The ordinate in this figure is permeability--
in kilodarcies--or hydraulic conductivity-in m/sec. Bar
for each site shows the range of measured values.)

10-O.003Z-4 (mlser)

where Z depth below the surface In meters.

It should be noted that the solid rock blocks In the massive areas, where

the dominant flow is through joint systems, have permeabilities 0-11 rn/sec.

Thus, mter that comes in contact with waste iplaced in these non-transmis-

sive solid rock blocks would have much greater travel tines since water flow
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FIGURE 3. Variation in Three Types of Porosity

through only a few meters of this non-transmissive rock can take thousands to
hundreds of thousands of years.

3.2.3 Ground-Water Flows and Ages

-Data reported on ages of ground waters (KBS 1978) indicate a range of

3,000 to 11,000 years for waters at an average depth of 380 m (average age of
5,300 years). Some age determinations for waters from the Stripa mine give

values up to 30,000 years. These ages correlate well with the Swedish model-
ing study estimates.

Another important factor in the siting of a waste repository deals with
ground-water flow voliunes. If flow volumes are small enough, even short

travel times to the biosphere are of little importance since only trivial

amounts of waste can be transported. Flow estimates from the INCFE study

(INFCE 7121 1979) indicate a total flow rate through a I-Im2 repository of
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TABLE 4. Hydraulic Properties of Different Hydrogeologic Structures
for the Reference Repository Site Area in Granite

_Description
Rock Mass

Miidth
(M)

Depth
50)

I
500

Conductiv-
Ity (m/s)

10-10

Porosity

3 x 10-3
10-5

Velocity
(Unit

Gradient)
(sJs)

3.33 x-irs
I x 10-

hater Travel
Time for I km
Under 0.001
Gradient (y)

951
3170

Ftrst-Order
Fracture Zones
(tension)

Second-Order
Fracture Zones
(tension)

50 I 10-5
500 10-8

3 x icr2
10-4

3 x 10-2
10/

3.3 -4
10-

3.3i x 1r0
10-

95
317

95
317

10 I 10-5
500 10-8

Second-Order
Fracture Zones
(shear)

Second-Order
Fracture Zones
(compression)

20 1 Sx10-7
500 5 x 10-10

5 x 10-3
1.7 x 10-5

5 x 10-3
1.7 x 10-5

I x 10-4
3 x 10-5

2 x 10-4
6 x 10-5

317
1057

159
529

5 1 10-6
500 1O-9

only 2.6 m3/yr (or 2.6 x 10-3 L/r 2-yr). This value coincides with estimates

x 10~3 L/m2 -yr at the repositoryfor the

l evel.

Karlshamn area

Even at higher

(KBS 1978) of 1.5

values for conductivity and porosity, flow values less
than 0.1 - 0.15 qtm 2-yr are obtained.

3.2.4 Hydrologic Parameter Estimates for Transport Calculations

Teavel time cannot be estimated as easily in the granite systems because

conductivity and porosity vary with depth and because water flow in granite is

determined by fracture systems. Data from the !NFCE (7/2111979) and Swedish

modeling studies, as well as age determination data, will be used In estimat-

ing travel time, path length, velocity, and dispersion.

Age determination data indicate that water at the average depth of 380 m

required an average of 5,300 years with a range between 3,000 and 11.000 years

to travel from the recharge area to the surface. INFCE modeling studies
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indicate an average travel time of 11,700 t 1,300 years for water exiting a

1-km2 repository. The average length of the travel path was 7,100 m and aver-

age velocity was 0.61 rn/yr. Swedish modeling of a 5-by-6-b portion of the

Finnsjo Lake area shows that a 1-bn2 rock repository located at the 500 m

level could be contained in an area for which flow times to the surface were

In excess of 3,000 years. Travel time predictions vary from 3,000 to greater

than IO6 years, and velocities vary from 10-3 r/yr to 1.5 r/yr. Path lengths

range from one to four kilometers. It is evident from both the INFCE and

Swedish modeling studies that large variations in travel time occur even for a

repository of only I km2 In area. This variation in water travel time is

important in dispersing any nuclides that might be released from a repository.

Another factor that might affect the time it takes for waste to leave an

emplacement in a repository is the nature of the rock's microstructure.

Water-flow studies and water-age determinations really represent estimates for

waters moving In the Interconnected fracture or joint systems and discrete,

highly-fractured zones of a granite system. Water movement in solid rock

blocks, where flow is through a system of microfractures, is much slower.

Under typical ground-water gradients and at the conductivities measured at

Karlshmn of (2 x 10-12 m/sec, movement of water through only 1 m of this rock

can take over 15,000 years.

Based on the results of the Swedish water-age data and the Swedish and

IMFCE 3-D ground-water modeling efforts for granite systems, along with the

arguments for water transit times in blocks of solid rock, the following

hydrologic transport parameters are used to represent a range for the refer-

ence repository in granite:

Travel time min. 3,000 yr
avg. 10 000 yr
max. 10M yr

Path lengths min. 1 km
avg. 5 km
max. 15 km

3.11



Averaged velocities min. 10i3 r/yr
over the path avg. 0.5 m/yr

Rex. 2 mryr

Dispersion in a rival min. 1,900 yrs
time for a I kmF ax. lopyrs
repository

The above values should be considered a reasonable range for the refer-

ence granite repository, general transport scenario. Ground-water travel

times as low as 500 years for the general scenario were used (Table 2) in

order to compare results with the reference salt site analysis already corn-

pleted (Cloninger, Cole, and Washburn 1980) A ground-water travel time of as

low as 50 years was used for the Intrusion water-well transport scenario in

order to represent the partial short-circuiting of xe far-field geohydrologic

system s protection from the repository wastes.

In the previous reference salt site analysis, the volumetric flow through

the entire repository was assumed to be 3.14 x 10 / m3 /sec, subsequently

diluted (after exiting the salt) to 0.91 u3/sec in order to approach potable

saline content limits for vell-water use. The same 3.14 x 10-3 m3/sec assump-

tion is used here for the reference granite site analysis, but no further

dilution is assumed, since water drawn from granitic aquifers is usually quite

potable. The volumetric flow assumptions are somewhat arbitrary since they

can only be established for a particular, real site. The value used here was

chosen to be consistent with the reference salt site analysis and is also used

in the reference basalt site descriptions that follows.

Assuming that solubility limits are not exceeded, resultant doses from

the intrusion water-well scenario are essentially linearly and inversely pro-

portional to the assumed volumetric flow rate through the repository, so they

can be easily adjusted for any assumed rate. More important than the absolute

dose values calculated, however, are the relative doses resulting from differ-

ent degrees of engineered barrier efficacy. Nbis important effect is not

.-changed by volumetric flow assumptions, as-long as the same flow exiting the

repository Is used throughout the analysis.

3.12



The Important effects of an engineered barrier that may restrict this

flow volume (water exclusion backfill, for instance) can still be measured In

representative effect of release rate reduction or delay in leach initiation,

as used in this analysis, without actually using a lower volumetric flow rate

in the calculations. Relating these effects to any particular engineered bar-

rier in a particular repository requires establishing the solubility limits or

release mechanisms, or both, in the near-field repository.

3.2.5 Sorption Estimates for the Reference Granite Site

The effect of sorption Is modeled explicitly. However, the sorption

equilibrium coefficients (Kd) for any particular reference site were held con-

stant as an overall characteristic of each site and were not varied parametri-

cally. The relative effect of the various reference sites' sorption proper-

ties could be determined from the data in the appendices of the reference salt

site analysis (Cloninger, Cole, and Washburn 1980) and the appendices of this

report. Kd values for the reference granite site are listed in Table S for

both oxic and anoxic conditions. The more conservative oxic conditions' Kd's

were chosen for this analysis in order to maximize any incentives for engi-

neered barriers.

Applying of the sorption coefficients in the GETOUT model requires consi-

deration of the specific ratio of geologic material to pore volume available

for saturated ground-water flow. The GETOUT code was originally designed to

model flow through porous media.

Transport through fractured systems is a relatively new field for which a

considerable amount of research will be required before It Is as well under-

stood as the more familiar porous media. Two basic approaches to hydrology in

fractured media have been put forth. One relies upon the observed regularity

of many fracture systems to consider the rock mass as a network of intercon-

aected discrete fractures. In this approach, each fracture oust be separately

Identified. The other approach treats the rock mass as if it were a porous

medium, in which the hydraulic characteristics of the fracture are averaged.

The first approach is reasonably applied only in the near field, where the
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TABLE S. ReferenSa
d,~ MIA '[1ite Site Equilibrium

Sorption Coefficients

Elaent
H

Se
Kr
b

Sr

T
Zr

lc

Pd

Sn
Te

I
IC
Xe
Cs

'a
Ce. Pr, lid.
Pa, S. Gd,

lb. Em

C

Co

Th
Pa

U

PU

Ca
'a

Oxic Condition
(0.2 P'TM 02)

0

2.4*

so

200

S to 20* (12)

SO
1000

0*
20

SOO

100

100

0

0

400*
Soo

20

400

0

20

600

500'

300
6 to 10* (8)

500

B0

AMnoxi Condition
(Negligible °2)

0
10

0
200

5 to 20

so

1000

10

20

500

200

100

0

0

50

20

400

400

0

20

lei

500

300

50

50

300

500

500

80

(a) AssWution: (1) Geologic medium is a hybrid of Swedish bed-
rock and Nevada Test Site Climax stock

- granite quartz monzonite
(2) Water is similar to Swedish and LASL's

analysis of Climax Stock
Ro(3) oP teerature and 70C have been measured

for sam isotopes. Values with * are
measured. others are educated guess.

(4) Id's a-e reported for crushed granite rock;
for freture flow a surface area to mass
correction must be made.

-b) 1ES36. PL-SA-6957
--C) ) *value used whererange given
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detailed identification of fracture flowpaths is sometimes feasible. A mixed

fracture-porous hybrid medium is approximated for the reference granite site

analysis by the method of Allard, Klpatsi and Torstenfelt (1980) in KBS-98.

Normally, for porous flow, the Kd values are Incorporated as "K-values'
or retardation coefficients, K, according to the equation

K a 1 + 6 Kd

where B represents the ratio of geologic material available for sorption to

the specific volume available for saturated ground-water flow. K is then the

average ratio of the ground-water velocity divided by the nuclide transport

velocity in the direction of ground-water flow. The pseudo-porous approxima-

tion for crack flow used here is based on the equation

K a I + . a1-

where:

Ka =

A2 =

Ca2

KG
d - surface distribution coefficient

c nversion factor from experimental data, m2/kq

porosity of the rock
specific area of the fissure surfaces per unit volume of rock, mn*1

such that

B 2

Specific values used for the conversion from the measured ar.d estimated

equilibrium sorption coefficients to the pseudo-porous fracture flow retarda-

tion coefficients are -

7.

..- I

C = 2.0 x 1O4

a 67 m2/m3 Source: (INFCE,7/21 1979)-
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and A2 (Allard, Kipatsi, and Torstenfelt 1978):

Element

Sr, Ra

Cs

Am + all others

A2 (m2/kg)

2

3

10

Resultant retardation coefficients for the reference granite site are listed

in Table 6.

TABLE 6.

.

.

.

. . .. .

. .

. . .

.:

* : : .|-.

. . : ..
. . .

:

. . .

.

X . x

Reference Granite Site Retardation
Coefficients, K (dimensionless)

Element K

H 1.OE+O

Se 8.OE+1

Kr l.OE+O

Rb 6.7E+3

Sr 2.OE+3

Zr 3.3E+4

Tc L.OE40

Ru 6.7E+2

Pd 1.7E+4

Sn 3.3E+3

Te 3.3E+3

I l.OE+O

Xe l.OE+O

Cs 5.6E+4

Ba 6.7E+2

Ce 1.3E+4

Pr 1.3E+4

Nd 1.3E+4
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TABLE 6. (contd)

Element C

Pm 1.3E+4

Sm 1.3E.4

6d 1.3E+4

Tb 1.3E+4

Eu 1.3Ee4

C I.OE+O

Co 3.3E.3

Ni 6.7E+2

Th 1.JE+4

Pa l.OE+4

U 2.7Ee2

Np 6.7E.2

Pu 2.OE43

Am 1.7E+4

cm 1.7E+4

Rt 1.3E+4

3.3 DESCRIPTION OF A REFERENCE REPOSITORY IN BASALT

The Columbia Plateau basalts, a large expanse of flood basalts lying in

southeastern Washington, 'western Idaho, and northern Oregon, are being inves-

tigated as a host rock for a waste repository. Although other areas of

basalts exist, very few quantitative data are available. Therefore, the data

reported In this document will be primarily for the Columbia Pla'eau basalts.

The 'values for a reference repository site In basalt were derived from

the preliminary date available c-n the tholelitic flood basalts of the Columbia

Plateau within the Pasco Basin. Due to the preliminary nature of the data,

these estimates should be viewed only as rough estimates in travel time that

can be expected. These estimates were made from simple, one-dimensional con-

siderations alone and should not be viewed as representative of flows through

I
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the Columbia Basalts, since more data and more detailed analyses are required.
The maximal and minimal travel times, however, represent conservative

estimates.

Although the basalts consist of many flows with interbeds, some of the

flows are quite dense and massive. Total depth of the Columbia Plateau

basalts is largely unknown, since few wells have completely penetrated these

flows. A well at Rattlesnake Nbuntain over 10,000 feet deep did not exit the

basalt; however, a well near Ephrata encountered basement rock near 5,000 ft.

The proposed repository would be developed within one of the thick, dense
basalt flows at a depth of 2,0O0 to 2,500 ft. Such basalts have good mechani-

cal strength for mine stability. Significant mineral deposits are extremely

rare, offering a low incentive for direct human intrusion.

Although the region has been tectonically inactive in recent history, it

was produced by traumatic events, including the lava flows that produced the

flood basalts. Several potential disadvantages result from the presence of
water in the Interbed material and in the brecclated basalt zones. These

areas act as ground-water aquifers. Basalts, like granites, exhibit a low

thermal conductivity, a factor gnat will have to be considered in repository

design.

3.3.1 Generic Description of Basalt Geohydrology

All of the information In this section relates to the region centered In

the Pasco Basin due to the paucity of data available on basalt in other

regions. Site characterization for the Columbia Plateau basalts is contlnu-

tng. The reference site description here is based on information available in
the literature as of 1979. Basalt flows range in thickness from a few tens of

centimeters to more than 100 n, averaging 30 to 40 m. The thick flows result

from ponding in pre-basalt valleys. Layers of sediment, called interbeds,

were deposited between the separate basalt flows. The beds of sediment and

the highly-fractured Interflow zones, because of their higher conductivity,

conduct most of the water on a regional scale.

Although basalt flows are usually highly fractured, some are relatively

contiguous. An analysis of a basalt core from Core Hole DH-5 located six
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miles to the east of Sentinel Gap, Washington led to the following observa-

tions (Gephart et al. 1979):

* Eighty-three percent of the 1,454 fractures that were logged were

filled with secondary minerals consisting primarily of montmorll-

lonite clays; the remaining fractures were open.

* Unfilled fractures had apertures less than 0.01 cm wide; however,

some open or partially-filled fractures were 0.5 to 1.0 cm wide.

* Primary cooling fractures were larger than 0.02 cm and occurred at

a frequency less than 14 fractures/r.

* Secondary cooling fractures occur with the same frequency as above

and had widths less than 0.02 m.

* Maximum fracture lengths were 0.9 m in the DH-5, while exposed

basalt had maximum fracture length of 24 m as measured at Sentinel

Gap. Therefore, even though the basalt is highly fractured, most

of the fractures are filled and many may be dead-end cracks that do

not conduct water at fracture velocities.

Many trade-offs may occur here, but a repository will be placed in a

thick, relatively contiguous flow as close to a recharge (ground-water divide)

boundary as possible. This will ensure good containment in the basalt and

maximal travel times should a breach occur.

3.3.2 Permeability (Hydraulic Conductivity and Porosity)

The interbeds and interflow zores dominate the ground-water flow within

the basalts. Therefore, flow is predominantly horizontal. Hydraulic conduc-

tivities within these zones for the Saddle Mountain Basalt are shown in Figure

4. Of the seventeen values reported for the interbeds, all but four fall

between I and 100 ft/day regardless of the interbed tested (Gephart et al.

1979). Within the Wanapum Basalts, the hydraulic conductivities reported for

the Priest Rapids member vary between 10-2 to l0+4 ft/day zs shown in Figure 5

(Gephart et al. 1979).

Figure 6 (Gephart et al. 1979) shows the distribution of hydraulic con-

-ductivity for all basalt zones tested in the Grand Ronde containing zones of
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'blues for porosities are reported for Grand Ronde vesicular basalt

between 9.8 and 25.4% and a single fracture core sample of 2.1%. Basalt cores

from the EBcon Siphon and Tunnel-Second Unit near Coulee City, Washington, had

porosities ranging from 0.6 to 13%. The uppermost confined aquifer In the

Lower Ringold sediments are estimated to have porosities from S to 20S.

3.3.3 Hydrologic Parameter Estimates and Transport Calculations

The layered stratigraphy of the flood basalts makes it difficult to

determine paths of possible contaminant migration and travel times. The pre-

liminary nature of the data Is made evident by the different and sometimes

conflicting conceptual models of the regional hydrology of the basalts

(Gephart et al. 1979, LaSala et al. 1973, Deju and Fecht 1979). Areas or

points of discharge to the environment from the confined aquifers within the

basalts are the subject of much Investigation. One conceptual model visual-

izes a horizontal movement in the interflow (regional) zones similar to

Figure 7 (Gephart et al. 1979) and a slower widespread upward leakage through

the basalt flows to the uppermost confined aquifer, then to the unconfmned

aquifer (local), and to the river. Total distance from the reference basalt

repository site to a discharge point Is estimated to be 20 miles. Using this

concept and one-dimensional calculations, some travel times can be estimated.

3.3.3.1 Intermediate and Upper Confined Flow Zone

Using the potentiometric surface shown in Figure 8 (Gephart et al. 1979).

a 20-mile flow path, and the range of hydrologic values for the uppermost con-

fined system, travel times were calculated as follows:

* Distance 20 miles

* Hydraulic conductivity (ft/day) Low 0.1, avg 2, high 7

* Hydraulic gradient (ft/ft) Low 0.000, avg 0.001. high 0.00?

* Porosity Low 0.05, avg 0.1, hiMh 0.2

distance x porosity
hydraulic conductivity x hydraulic gradient

Hinimia travel time (20 x 5280) x 0.05 1 year 1
7 .0 .02 . '
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Average travel time - (20 x 52801 x 0.10
2 x 0.001 x I - 14,500 years

Maximum travel time a (20 x 5280) x O020 x I 1.16E6 years

3.3.3.2 Deeper Regional Confined Flow Zone

To opt toward conservatism, hydrologic parameters for all the basalt
sequences" more pj.rmeable interbeds and bretclated zones were used. The
travel-time estimates are based on the 20-mile path length and the ranges of
hydrologic paramw' shown below:

* Distanct 20 miles

* Hydraulic o.t -.Ovity (ft/day) Low 0.01, avg 1, high 2
* Hydraulic gradient (ft/ft) Low 0.005, avg 0.001, high 0.002
- Porosity Low 0.01, avg 0.02, high 0.04
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FIGURE 8. Patentiometric Map for and Inferred Flow Directions of Ground
.ater Within the Nabton Interbed Beneath the Hanford Site
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Ninimum travel time g (20 x 5280)0x -01 x I 720 years

Average travel time (20 x 5280 x 0.02 3 1 . 5760 years

Maximum travel time C 020 x 5280 .0 x 2.3E6 years

3.3.4 Reference Basalt Repository Hydrologic Parameters

Travel time ranges from a minimum of 700 years to a maximus of 2.3 .11-

lion years and a conservative, realistic estimate of approximately 17.000

years. Velocities range from a maximum of 0.28 ft/day through an average of

around 3 x 10-2 ft/day to a minimir of 1.25E-4 ft/day In the more permeable

basalt interbeds and brecciated zones.

Reference site parameters:

Nominal Distance

Hydraulic conductivity (ft/day)

Hydraulic gradient (ft/ft)

Porosity

Travel time range

Velocity range

20 miles
I
0.001
0.02

100 years to 2.3E6 years
0.28 ft/day to 1.25E-4 ft/day

All travel times must be treated as preliminary and conservative. Model-

ing studies of the Columbia Basin basalts are currently being conducted by

PNL, Rockwell Hanford Operations, and the United States Geological Survey.

These studies will yield a much better understanding of the system's hydrol-

ogy, as well as significantly improved estimates of travel time. This analy-

sis is not in any way an evaluation of the Columbia Basin basalts as a pos-

sible repository site.

The above values should be considered a reasonable range for the refer-

ence basalt repository, general transport scenario. Ground-water travel times

as low as 500 years were used for the general scenario (Table 2) in order to

cotpare results with the past reference salt site analysis. As with the

reference granite site, a travel time as low as 50 years was used for the

basalt Intrusion water-well transport scenario.
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Volumetric flow through the entire basalt repository was assumed to be

the same as that used for the reference granite site, 3.14 x 10-3 n3/sec.

3.3.5 Sorption Estimates for the Reference Basalt Site

The Kd (equilibrium sorption constant) values used for the reference

basalt site calculations are listed in Table 7 along with the resultant K-

values (retardation coefficients) based on a 0s 10. The treatment for the

basalt site is based on the assunption that a particulate media exists,

because conversion factors (A2 and a) were not available for the pseudo-porous

approximation of crack flow that was used for the reference granite site

treatment.
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TABLE 7. Reference Basalt Site Kd and K Values(awb)

Element
H
Se
Kr
Rb
Sr
Zr
Tc
Ru
Pd
Sn
Te

I
Ie

Equiltbrium Sorpti1
Coefficient Cd (mIMIC)

0

15*

0

200

100*

200

10I

50

200

100

100

5'

0

800S

50

200 (200)

Retardation
Coefficient

V(dimensionless)

1.0

150

1.0

2000

1000

2000

100

SOO

2000

1000

1000

51

1.0

8000

500

2000

1.0

5Q0

4500

2000

2000

100

51

600

61

8500

Cs

Ba

Ce,
Eu,

C

NI

Co

Th

Pa

U

Np

Pu

AM

RI

Pr. Nd, Gd, Tb.
P., Sm. Ro

0

50
450Q

200

200

10*
5*

20 to 100' (60)

8*

8W0

(a) Assumptions: (1) Geologic medim Is Uhtanum Flow Columbia
Plateau Basalt

(2) Ground water as reported in Anes 1978
-(3) Only room temperature Cd values have been mea-

bred
-4) Kd's are for crashed basalt. For fracture

flow, a surface-area-to-mass correction must be
-ade

(S) Values with are measured, others are educated
guesses

(6) 0p 10
(b) Ages 1976 and Barney et a*. 1978
(c) ( ) s value used where range Is liven
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l. RESULTS AND DISCUSSION

The methodology described in Section 2 was applied to the two reference

sites defined in Section 3. The calculations were not done to the same degree

of detail as in the analysis for the reference salt site (Cloninger, Cole, and

Washburn 1980), but were performed in combinations of extreme values of the

descriptive parameters (release rate, delay prior to leach initiation, ground-

water velocity and pathlength). Limited intermediate values were used to bet-

ter define trends in order to determine whether an analysis of other reference

repository sites indicates any significant change in the general conclusions

that were developed from the reference salt site study.

4.1 REFERENCE GRANITE SITE RESULTS

Results for the reference granite site are presented in two parts. The

first part is a brief description of the overall results for the general sce-

nario. The second part includes the more detailed results for the intrusion

well scenario plus an explanation of the nuclide transport phenomena that led

to the results observed in both the general case and the intrusion well case.

4.1.1 General Scenario

The relationship between release to the biosphere in terms of resultant

dose and net release rate from the repository is shown in Figure 9 for four

combinations of the other two descriptive parameters (ground-water travel time

and leach initiation time) at their extreme values. Overall, the resultant

dose commitment is fairly sensitive to release rate from the repository,

although there is not a one-to-one relationship between repository release

rate and biosphere entry rate and resultant dose. The effect ranges from

approximately a three orders-of-maqnitude reduction in dose via a four orders-

of-magnitude reduction in repository release rate (four orders-of-magnitude

increase in release duration) at the most conservative values of the ground-

water travel time and leach initiation time (top line, Figure 9) to about two
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FIGURE 9. Sensitivity of Consequences to Repository
for the General Scenario in Granite

Release Rate

orders-magnitude-dose reduction for four orders magnitude release rate reduc-

tion for the least conservative value of ground-water travel time, regardless

of leach initiation time (lower line Figure 9).

This sensitivity to release rate from the repository is characteristic of

non-sorbed, single nuclides (not daughters of decay chains) and, in this case,

the dose is dominated by the long-lived, non-sorbed fission products 99Tc,

and 129k until the release duration exceeds 10 year (repository release

rate falls below 10- per year), at which point the actinide chain daughters

dominate. This single nuclide result would be-exactly linear over the range

of release duration from 100 to 105 yr, except for-the spreading effect of
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hydrodynamic dispersion, which distributes the release band considerably,

especially for fast release (10-4 year or less) and long ground-water travel

time coibinations. A more detailed explanation of these observations is pro-

vided 1r the presentation of the well scenario results.

Figure 10 shows the sensitivity of resultant dose to the delay prior to

leach Initiation at four combinations of the extreme values of the other two

descriptive parameters, release rate and ground-water travel time. There

isn't such to say about this result except that there is very little effect.

Even for fast releases (1% per year) and short (500 yr) ground-water travel

time, there is no benefit (maximal dose reduction) in delaying the initiation
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FIGURE 10. Sensitivity of Consequences to Delay of Leach Initiation
(Containment) for the General Scenario in Granite
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of leaching by a period of time that could be reasonably ensured by engineered

systems, 104 years or less. This is because the nuclides that domi.r.te the

dose, either themselves or their source parents, have half-lives far in excess

of 104 years. The only exception is a slight reduction in resultant dose over

104 years in the top and third lines of Figure 10 (500 yr ground-water travel

time) due to decay of 14C (half life -5730 yr). The greatest overall effect

is a one-half order-of-magnitude reduction in dose via a six order-of-magni-

tude delay in tine of leach initiation due to 14C and 99Tc decay over one mil-

lion years.

The effect of ground-water travel time (the combined parameters of path-

length and net ground-water velocity) on resultant dose for four combinations

of extreme values of the other two descriptive parameters is shown in Fig-

ure 11. Overall, the effect of ground-water travel time is less than that of

release rate but considerably greater than that of delay prior to leach ini-

tiation. The greatest effect is an approximately 1.5 order-of-magnitude

reduction in dose via a 3.5 order-of-magnitude increase in ground-water travel

time.

As might be expected, this maximum effect is observed at the most con-

servative constant values of the other two descriptive parameters, shown in

the top line of Figure 11. In this case, there is an imuediate, fast release

from the repository resulting in a high, narrow band of contamination in the

ground-water plune. Thus, dispersion has some effect in spreading the narrow

band more and more with increasing ground-water travel time. Furthermore, as

the transport time increases, the decay of 14C and then 99Tc leads to further

dose reduction. In fact, the only difference between the top line and second

line in Figure 11 is that the second line represents delaying initiation of

leaching 106 yr such that essentially all of the 14C and most of the 99Tc have

decayed away before transport begins and only 1291 (half life -16 million yr)

.remains to dominate the dose. Thus, the top line shows the combined effect of

decay during transport plus dispersion, while the second line shows the effect

of dispersion only, since the 1291 does not decay significantly during the

million-year transport time to the. biosphere.

1:

. .

4.04



E

0 LEACH IN4ITIATIONTIMt tLyr
ANDDRELEASF.DURATION. I1l0yr

I a yr. tt- 100 yr
I 6 Ityr. :Icf'yr

(3 o l 1 yr. IVoyr

C1o-

lo

-3

1 -3 I I I p I I10 o
? Soo lo, le 105 id,

GROUND-WATER RAVEL IIME. yr

FIGURE 11. Sensitivity of Consequences to Ground-Water Travel Time
to Biosphere for the General Scenario in Granite

The lower two lines in Figure 11 represent the effect of ground-water

travel time when the release rate is very low, 10-6 fraction per year (106 yr
release duration). This results in a broad, low-level band of contamination
in the plume exiting the repository, which is not notably affected by hydro-
-dynamic dispersion, but can be greatly affected by the spreading due to dif-
ferential sorption of actinide chain members. :The uppermost of the lower two

lines of Figure It is the result for leach initiation. imediately after
repos tory closure. but at.a very low rate. The early part of the line, up to .
about a 104-yr ground-water travel time is dominated by the actinide chain
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.241Am 237Np . chain daughters (233U, 229h , 225Ra) with a slight reconcen-

tration effect evident (this is more obvious in the well scenario results fol-

lowing this section). Beyond a 105-yr travel time, the dose is controlled

mainly by 2261Ra from the 238' parent and is generally insensitive to release

rate or delay of leach initiation as well as ground-water travel time in this

range.

The lower line of Figure 11 represents the result when the start of

leaching is delayed one million years and the repository release rate is 10-6

per year. For this case, the resultant dose is dominated by 226Ra from 23%

over the entire range of ground-water travel time and is, for all practical

purposes, insensitive to any change in release rate or ground-water travel

time in this range but is a function of relative sorption effects and half-

lives among the chain members.

Calculating absolute dose consequence estimates is not the intent of this

work, but this discussion would not be complete without some estimate of the

result for expected conditions. Even allowing for the conservative methodol-

ogy and models (see "Perspective" section of Cloninger, Cole, and Washburn

1980), and allowing that even in a highly disrupted, deep geology (itself an

Incredible thought for deep granite systems), the natural limitations of volu-

metric flow restrictions, transport distances, and geochemical interactions

will likely by themselves limit the bulk release rate to 10-4 per year or less

and provide a ground-water travel time on the order of 5000 yr or more. Given

even these conservative parameters, the maximum individual would receive an

incremental lifetime critical organ dose (cumulative) of one rem or less and a

lifetime average annual total body dose of nominally 10 mrem per year. The
average individual would receive substantially less. Furthermore, although it

has not been rigorously demonstrated, it appears that under the most conserva-

tive conditions, the transport analysis methodology used in this work over-

estimates resultant consequences by at least an order of magnitude. Thus,

these calculated, absolute dose estimates are likely quite a bit higher than

what can actually occur. The methodology is particularly conservative for the -

analysis of the intrusion well scenario, because the 3-dimensional dispersion
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effects (which can be very important for short transport Distances) are not

considered and may lead to dose estimates three or more orders of magnitude

too high.

4.1.2 Intrusion Well Scenario

The calculations for the reference granite site intrusion well case were

done in somewhat more detail, especially regarding the effect of ground-water

transport time from the repository to the biosphere. A mcre detailed explana-

tion of the observed results is thus possible. Most of the explanation

applies equally to the results for the general case, except where noted in the

following discussion.

Figure 12 shows the general results for the effect of release rate from

the repository for extreme combinations of the other two descriptive parsm-

eters. The shapes of the graphs for the well case are similar to those

for the general case in Figure 9. However, the overall mar-itude of calcu-

lated resultant dose is higher and there is a slightly higher (and expected)

sensitivity to release rate for the very short ground-water travel tVie (from

repository to well intake) of 50 yr (second line from the top, Figure 12).

Figure 13 shows the contribution by isotope for the (t=50, r=1) graph of

Figure 12. The consequences from the non-sorbed single nuciides (as opposed

to primarily chain daughters in inventory) 1291, 14C and are essentially

inversely linear with repository release duration (linear v-th repository

release rate) over the entire range of release duration use. in the analysis,

since even at the shortest release duration of 100 years (release rate of 1I

per year), the release band extends twice the time (and space) of the ground-

water travel time (which in this case is the same as the nuclide transport

time) ar.d extends several uore multiples of the dispersion length in time and

space. If these nuclides were sorbed on the geologic media sufficiently that

their transport time was reduced below that of the time expression of the dis-

persion length,:then the resultant release band would be narrower than the

sorption-uodified dispersion length, and an effective lowering of the contami-

nant peak would be accomplished, acting like a lowered release rate as viewed

at the entry to the biosphere. This is observed for the sorted nuclide, 234U,
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in Figure 13 where dispersion effects magnified by sorption act like a l0-yr
release duration. Only when the repository release duration exceeds 103 yr
.(release rate falls below 10- per yr) is there significant effect. Disper-
sion effects over very long ground-water travel times can.also nonlinearize
the result for non-sorbed nuclides, as is observed in the 129, graph of Figure
15, which will be discussed further below.
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An additional factor acting on the result for 234U nd 237Np in Figure 13
is that they act like actinide chain daughters for short repository release
durations (fast release). As release duration increases and release rate
decreases, most of the short-lived parents (23Pu and 2 4 1 Aj, respectively, in
this case) have decayed to the daughter before a significnt fraction of par-
ent or daughter has been released from the waste package, or whatever contain-
ment boundary is used. Thus, the resultant primary release from the
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repository is that of the daughter and not the parent, so it acts like a sin-

gle nuclide release and the resultant release to the biosphere is controlled

more by release rate from the repository than by the subsequent transport
phenomena enroute. In the case of Figure 13, this transition from chain
daughter behavior to primary single muclide behavior occurs at a release dura-
tion of about 103 yr for 234U from 238Pu (half-life -88 yr), and more gradu-
ally but completely at 104 yr for 237Np from 24 1Ai (half-life -433 yr).

Different parent half-lives and relative sorption differences between

parent and daughter between the two chains account for the difference in tran-
sition to single nuclide behavior. In the case of 234U, 238Pu is the early
source of most of the 234U in the repository. Over a 1000-yr release, over
half of the 238Pu has decayed to 234U in the first 100 years, at which point
901 of the combined 238Pu and 234U Is still in the containment package or
zone. At the end of 200 years, about 801 of the 238Pu has decayed to 234U,

and 80% of the combined inventory (641 of the 234U from 238pu that will be

released) is still contained. This material will be released over the next
800 yr. Thus, the character of the U release from the waste form is more

23 alone than 238Pu * 234U. At a release duration of 104 yr, the nature of
the release is, for all practical purposes, that of 234U alone. The same

effect exists for longer ground-water travel times than that of Figure 13 (50

yr), but becomes overshadowed by the transport dispersion effects on the long-
term source of 234U, 238U. This is because the uranium migrates at a net rate
270 tines slower than the ground water (K-value, Table 6) in the reference

granite site. As ground-water travel times get long (transport distance gets

long or velocity gets slow, or both), the transport time of uraniwn gets very

long with respect to the half-lives of the 238Pu and 234U, such that the only
234U that exits the geosphere is that created from the decay of the very long-
lived 23% very near the outlet to the biosphere. The release of 234U to the
biosphere is thus not overly sensitive to release rate from the repository
(Figure 15). This result is typical of chain migration (with one modification
in the case of 238  * 234U), and will be discussed further below.

The same phenomena, at a different rate, control the 237p result in Fig-
ure 13 (241 Am is the ultimate source of -751 of total 237H in the reference

4.10



inventory, except that, unlike the 234U, 237Np has no significant longer-lived

parent. As a result, at very long ground-water travel times, 237Np decays

away before reaching the biosphere entry point. For this reason, 237Np is

absent from Figure 15.

The release to the biosphere of subsequent members of the actinide chains
238pu * 234u, 238U , .234U and 241 Am * 237k, namely 234U * 226Ra and its

daughters and 237Ip * 233U, 229Th and 225Ra behaves quite differently in the

sensitivity to repository release rate as seen in the bottom two lines of Fig-

ure 13. The parent nuclides, 238U, 234U and 237Np, all have long half-lives

relative to release durations of up to a million yr. such that the total

inventory of parent nuclides is not reduced greatly over the release period,

and the daughter nuclides that are created from the parents' decay are mostly

created during transport to the biosphere, especially at longer ground-water

travel times and large retardation coefficients (effective K).

The result of this behavior can be seen as a sequentially reduced sensi-

tivity to release duration for the 226Ra + daughters and 237Np daughters

graphs in Figures 13 (ground-water travel time, t - 50 yr), 14 (t - 500 yr),

and 15 (t - 10 yr). In Figure 13, with a relatively short ground water

travel time, the daughters that were created while still in the containment

package at longer release durations begin to act more like single nuclides as

a greater fraction of their ultimate (equilibrium) inventory is released as

daughter and not parent, thus causing the initial bending of the lower two

lines in 7igure 13.

However, the greatest phenomenon affecting the sensitivity of the acti-

nide daughters behavior to release rate is the relative transport retardation

('sorption') among chain members, which tends to spread them in time and space

much as a greatly reduced initial release rate would. Only when the release

rate from the repository is so low that its spreading effect exceeds that of

the sorption differences is any effect observed. This release-rate effect is

seen to occur in Figure 13 at a release duration of about i05 yr for the 226Ra

* daughter and 237lp daughters results. As the ground-water travel time is

increased, the transport phenomena, particularly differential sorption, become

-4.11



more important such that, finally, there is almost no sensitivity to release
rate at the repository. This is seen sequentially in the actinide chain
results in Figures 13 through 15. In Figure 15, the net sorption effects for
the 231p and daughters provide enough delay that these nuclides decay before
reaching the biosphere.

It is not possible within the
entire theoretical basis for these

scope of this document to describe the

results. An introduction to that theory is
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contained in Appendix D of Cloninger, Cole, and Washburn 1980, which goes

somewhat beyond the one-dimensional results presented here.

Another effect that is apparent but.not dominant in Figures 13 and 14 is

a degree of reconcentration phenomena that, under certain pathlengths, ground-

water velocities, relative half-lives, and sorption effects among chafn mem-

bers, can cause local secular disequilibri'- in the other direction and
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actually result in a much higher daughter concentration (and thereby release

rate to the biosphere) than would be predicted by secular equilibrium and rate

of parent release only. This phenomenon is nonlinear and sometimes inverse

with release rate from the repository but is mitigated somewhat by one-dimen-

sional hydrodynamic dispersion (accounted for in these results) and can be

mitigated entirely by three-dimensional dispersion effects due to thecharacter

of the regional flow field (not accounted for in these results). An introduc-

tion to the theory and some analysis of maximum effect of this phenomenon are

in Burkholder and Cloninger 1977, Rodgers 1978, and Giuffre and Ross 1978.

The effect of the phenomenon can be see In Figure 13 as a slight increase in

dose consequence (due to increased rate of release to the biosphere) with

decreasing repository release rate (increasing release duration) from a

release duration of 100 yr to a peak at about 104 yr for both the 226Ra +

daughters and 237Np daughters. This reconcentration effect is apparently what

causes the dose consequence in Figure 12 at the 106-yrrelease duration and

ground-water travel time, t - 500 yr (upper line Figure 12) to be higher than

the resultant dose for the same release duration at t - 50 yr (second line,

Figure 12), since the phenomena can be inverse with transport time also. This

will be addressed somewhat further in a later discussion regarding the effect

of ground-water travel time.

Figures 14 and 15 show the sensitivity by isotope of dose consequences to

repository release rate for ground-water travel times of 500 yr and 106 yr,

respectively, corresponding to the uppermost and lowest lines of Figure 12.

Many of the effects evident in Figures 14 and 15 have already been discussed

relative to Figure 13, but there are a few remaining points of importance to

understanding the observed results.

The results for the non-sorbed single nuclides--14C, 99Tc, and 129 _-_are

virtually the same for Figures 14 and 13 throughout the range of release dura-

tion analyzed, since the only two effects that can reduce their release rate

to the biosphere other than reduced release rate from the repository are

hydrodynamic dispersion (in the one-dimensional model) and radioactive decay.

Neither effect is great-enough over a 500-yr ground-water travel time to have

4.14
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significant impact on the release rate to the biosphere and proportional con-

sequences, because these nuclides travel at the ground-water velocity.

In Figure 14, the effect of reconcentration for the 500-yr ground-water

travel time raises the resultant consequences from the 237Np daughters over

the entire range of release durations such that the overall consequence result

at large release durations is higher at t = 500 than at t a 50 (Figure 12), as

previously mentioned.

The transitions frim release-rate-insensitive, chain-like behavior to

release-rate-sensitive, single-nuclide behavior for the 23 and 237Np lines

of Figure 14 occur at a somehwat higher release duration than in Figure 13,

and the resultant dose consequences for the shorter release durations (faster

release rates) in Figure 14 begin at somewhat lower values than in Figure 13.

This is due to greater dispersion effects at the longer ground-water travel

time represented in Figure 14, coupled with the same retardation coefficient

as in Figure 13 (and held constant for each isotope for the entire granite

site analysis). The combined dispersion and retardation, as previously men-

tioned, act like a lowered release rate in effect.
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Figure 15 shows the result by isotope for the lower line of Figure 12.

The ground-water travel time here is 106 yr, an extremfe value, but not out of

the reasonable range for granite systems. This very long ground-water travel

time eliminates any consequence from zaC, since even though it is transported

at the ground water velocity, its half-life Is small compared to the transit

time, and it decays entirely before it can enter the biosphere. Net sorption

effects coupled with the long ground-water travel time also eliminate the

entire 241Pjn+ 237N + daughters chain, since all of the radiologically signi-

ficant daughters decay before they can enter the biosphere. The remaining

nuclides that endure the journey to the biosphere are either themselves long-

lived or are from long-lived parents.

The upper line In Figure 15 shows the result for 1291 sensitivity to

repository release duration.- The moderate dispersion effect is due' to the

long transport time, which acts like a reduced release rate of about 5 x 10-4

per year (release duration -2 x 103 yr) as viewed from the biosphere entry
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point. '.in the repository release duration exceeds 2 x 103 yr. the sensitiv-
ity is again essentially linear with release rate. Radioactive decay is
negligible for 129I over the 106-yr transport time.

While the behavior of 99Tc in Figure 15 is very similar to iodine, the
magnitude of the 99Tc dose is overall much less because of 99Tc's 106-yr
travel time. This travel time represents a significant fraction of the 99Tc
half-life.

The sensitivity of the 226Ra + daughters dose consequence to release rate
from the repository for the 106-yr ground-water transport time of Figure 15 is
virtually nil over the range investigated. This is because, for this case,
the only 226Ra that ever reaches the biosphere is that which came from
original 238U via a complex chain. Dispersion and sorption effects totally
control the release to the biosphere.

Somewhat greater--though slight--sensitivity exists for the 234U results
of Figure 15. The only 234U that exits to the biosphere in this case is that
which was created from the original 238U. Geochemically, the two isotopes of
uranium act identically (except for slight solubility differences due to a
-recoil energies upon decay and creation in the wsorbed" state, which are not
accounted for here), and their combined transport together is effectively that
of a single nuclide. The release of 234U to the biosphere in this case is

controlled by sorption-enhanced dispersion effects during transport, and the
resultant sensitivity to release rate from the repository is essentially
negligible even when it exceeds 10i5 per year.

The same sensitivity trends were apparent in the earlier salt site analy-
sis (Cloninger, Cole, and Mashburn 1980) except that, in the reference salt
site, the net actinide chain sorption was less substantial which, coupled with
higher overall ground-water velocities than the reference' granite system,
allowed the actinide chains (especially 226R daughter) to dominate the dose
even when the release rate of long-lived fission products was as high as 10-3
per year. On the other hand, the reference granite site properties are such
that the' non-sorbed, long-lived fission products had the same behavior as in
the reference salt site, but due to greater overall sorption and relative
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intra-chain sorption (thus greater spreading) the actinide chains were held to
orders-of-magnitude-lower release rates to the biosphere, regardless of
release rate from the repository. Thus, the long-lived fission products domi-
nate the dose over nearly the entire range of release rates analyzed and are
the source of the higher overall sensitivity to release rate for the granite
site as compared to the salt site. There may be some incentive to eliminate
1291, 14, and possibly 99Tc (if truly non-sorbed) from the waste and dispose
of it somewhere other than a geologic repository.

Figure 16 shows the sensitivity of dose consequence to delaying initia-
tion of leaching. The result again indicates that maximum release rates
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to the biosphei i and the resultant doses are not affected by any delay in

leach expected to be provided by engineered containment other than proper site

selection. Only after the delay in leach initiation exceeds 105 yr is there

any resultant reduction in maximum release rate. While any delay in the start

of leaching results in nominally the same delay in time of occurence of max-

mum dose (all other considerations being unchanged with time), merely delaying

a dose so that it will be received by a future generation Is not considered to

be of any net positive value in this analysis.

Even if the ground-water pathlength and velocity parameters are taken to

the extreme values that were used in the reference salt site analysis, result-

Ing in a ground-water travel time of only 14 yr, there still would be no

Incentive to provide long-term containment to reduce the potential dose from
90Sr and 137C, because these elements are strongly sorbed on the reference

granite media and decay before they can move but a few tens of centimeters

down the aquifer, even at maximum ground-water velocity. Thus, there appears

to be no incentive at all for providing an engineered delay function, or

engineered containment, to delay the initiation of ground-water contact with,

and leaching from, the waste form in the granige system.

Figure 17 shows the sensitivity of dose consequences to ground-water

travel time from the repository to the biosphere at extreme value combinations

of the other two performance parameters. The top two lines of Figure 17

represent, respectively, immediate and delayed fast release (1% per year) and

are dominated by non-sorbed fission product doses. The bottom two lines
represent inmediate and delayed slow release (10-6 fraction per year) and are

dominated by an actinide chain daughter dose due to the low release rate, as

previously discussed. The relative sensitivity between these two general

cases is shown in Figures 18 and 19.

Figure 18 contains the breakdown of dose contribution by isotope for the

top line (t-l yr, L.=100 yr) of Figure 17. The non-sorbed fission products
99Tc, 14C, and 129 Idominate the result. Ground-water travel times exceeding

10 yr are required before any consequence reduction due to radioactive decay

of 14C (top line Figure 18) is observed. The travel- time must excee 04

4.18



E
PJ

4C

a

a

Z

s.

FIGURE 17.

GROUDH-WATER TRAVEL TIME, yr
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years before significant decay of 99Tc occurs. Dispersion effects begin to
reduce the consequence at a ground-water travel tinge of about 10 yr, as seen
in the 129I result of Figure 18 (3rd line from top), which is not affected
notably by radioactive decay over the 106 -yr transport time.

The intermediate behavior of the 234U and 237Np in Figure 18 is typical

of daughter.isotopes with short half-lived parents up to a ground-water travel.
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On the other hand, since it has no alternate long-lived parent, the 237Np

continues its behavior typical of a two-member chain with short-lived parent

-241A), longer-lived daughter, and significant sorption difference between

parent and daughter, such that any increase in ground-water travel time leads-

-:to a greater sorption-enhanced spreading between parent and daughter as the

daughter is being formed Via radioactive decay, resulting in significant -

reduction in release rate of the daughter to the biosphere. After the ground-
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water travel time exceeds about 4000 yr, the behavior of the 237 Np is that of
a well-sorbed single nuclide.

The behavior of the 226Ra + daughters in Figure 18 is relatively insen-
sitive to ground-water travel time due to the complexity of the decay chains

contributing to the total 226Ra release up to a ground-water travel time of
about 104 years (these contributing chains mainly include the original
inventory of 238p v 238 U, 234U, and 23OTh), after which point it is mainly a

function of 226Ra from only the long-lived parent, 238U, and is somewhat more

sensitive to ground-water travel time due to magnification of sorption differ-
ences and their spreading effects at longer ground-water travel times.

The result for the 237Np daughters somewhat tracks the result for 237Np

since all members of the chain, including the 237Kp parent, are well-sorbed

and have half-lives that are small compared to their respective and collective
transport times at longer ground-water travel times.

Figure 19 shows the result by significant isotope for the third line of
.Figure 17 (t-l yr, 1 - 106 yr). As mentioned in the discussion of Figure 17,

the entire result in this case is dominated by the two major actinide chain
daughters since the biosphere release rate of and resultant dose from the non-

sorbed fission products are now held at a lower value Sue to the low release

rate from the repository. The reconcentration effect with increasing ground-
water travel time for the 241kn . 237Np , daughters chain is seen most clearly

now in the top line of Figure 19, peaking at a ground-water travel time of

about 103 years and then converging with the 237Np trend (bottom line, Figure

19) as radioactive decay and other dispersion effects become important at long

ground-water travel times.

The broad release band of 106 yr reduces the sensitivity to ground-water

travel time of the actinide chains contributing to the 226Ra + daughters
result even at travel times of up to 106 yr, as indicated by the second line

In Figure 19, and totally eliminates any sensitivity for the non-sorbed 129I

result, because the initial dispersion due to the reduced release rate is much
greater than that from hydrodynamic dispersion even at the maximum ground-.

water travel time..

.:
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The result for 2 4U.is now essentially parallel to the result for 226R+a,

because both isotopes are basically the result of 238 decay to daughte-s both

prior to leaching from the waste form (at short ground-water travel times) and

while being transported to the biosphere.

Behavior of both I4C and 99Tc in Figure 19 is donminated primarily by

radioactive decay of the isotopes prior to leaching from the waste form (at

short ground-water travel times) due to the long release duration (low release

rate) plus decay during transport at longer travel times. The absolute magni-

tude of their dose contribution is determined by the low release rate from the

repository as previously discussed.

4.2 REFERENCE BASALT SITE RESULTS

Results for the reference basalt site are presented in terms of the gen-

eral scenario case and the intrusion well case. The transport phenomena that

affect the overall results are similar to those detailed in the previous dis-

cussion on the reference granite site well scenario, although to different

relative degrees, and won't be presented iv such detail for the reference

basalt results. One significant difference between the reference granite and

reference basalt sites is that 99Tc and 129I are moderately retarded by the

reference basalt media (K-values from Table 7 are 51 for I and 100 for Tc).

This has considerable effect or the sensitivity of the results to ground-water

travel time, as will be discussed later.

4.2.1 General Scenario

Figure 20 shows the sensitivity of resultant dose to repository release

duration (release rate-1) for the reference basalt site. The upper two lines

in Figure 20 represent the result for early and late (lo yr) leach initiation

at a ground-water travel time of only 500 yr, the minimum for the general

case. Both of these lines show a linearity with release rate down to a

release rate of about i0-5 per yr (release duration of.105 yr), at which point

the consequences are dominated by nuclides from the ictinide chains which show

less sensitivity to release rate than the single fission product nucl ides

which dominate at higher release rates. The explanation is identical to that

4.23



0 GROUIMWATER TRAWL TIME. te -SWyr
AN Tuif nr t IrAl mtATI I r a I wrE

102

10-1

g l
-2

1 Id Io

10 1

REASE DURATION (RELEASE RATE -1), yr

FIGURE 20. Sensitivity of Consequences to Repository Release
Rate for the General Scenario in Basalt

for the reference granite site and involves the sane isotopes, though to dif-
ferent degrees under different conditions.

The lower line of Figure 20 represents the result for the maximum ground-
water travel time for the reference basalt site (2 x 106 yr) with le:ch ini-
tiation at either I or 106 yr. The entire result is dominated by 226Ra +

daughters from the original 238 U parent. The release of 226Ra to the bio-
sphere is controlled mostly by transport phenomena after the 2 leaves the
repository and is, therefore, generally insensitive to release rate from the
waste package or-repository.

Figure 21 shows the result of delaying the initiation of leaching for the
reference basalt site. There is virtually no benefit from delay in this case.
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Figure 22 shows the resultant consequence sensitivity to ground-water travel

time in basalt. The top two lines of Figure 22 represent a fast release rate
(10-2 per year) beginning early (top lines) and late (second line).

At -a 500-yr ground-water travel time, the upper line is dominated 5y 14C,

which decays away significantly during transport at a ground-water travel time

of 5 x 104 yr or more, after which point the result is dominated by 226Ra from
the 2384 parent. The second line is dominated by dose from the 237Np daugh-

ters, 233U, 229Th and 225Raa at short ground-water travel times and again by
226Ra from 238U at the longer travel times. This increased sensitivity to

a fro to'
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FIGURE 22. Sensitivity of Consequences to Ground-Water Travel
Time to Biosphere for the General Scenario in Basalt

ground-water travel time, as compared to the reference granite site, is due to

the moderate retardation of Tc and I on the reference basalt media versus no

retardation of either on the reference granite media. This retardation both

enhances hydrodynamic dispersion effects and delays the release of the iso-

topes to the biosphere to such a degree that even the very long-lived 129I is

not released to the biosphere for over six half-lives at the 2 x 106 ground-

water travel time.

The difference in relative sensitivity to ground-water travel time

between the reference granite and basalt sites due to differences in retarda-

tion of Tc and I can be visualized by comparing the top two lines of Figures

1I and 22 for, the general case and Figures 17 and 25 for the intrusion well
case. The lower two lines of Figure 22 are the result for slow release from

the repository, IO-6 per year (release duration, I 106 yr) with early
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and late leach initiation, respectively. Both these lines are generally
dominated by 226Ra and its daughter isotope, 210Pb. The sensitivity ls not
great, since the intitial spreading due to low release rate is large, even
compared to the spreading effects of the chain transport phenomena mentioned
earlier.

4.2.2 Intrusion Well Scenario

Figure 23 shows the sensitivity of consequences to repository release
rate for the intrusion well case in basalt. The curves have basically the
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FIGURE 23. Sensitivity of Consequences to Repository Release
-Rate for the Intrusion Vill Scenario in Basalt
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same shape as those for the general case, although wih some differences and,

of course, have a higher overall magnitude of resultant dose.

Figure 24 shows the result of delaying initiation of leaching. Under

some conditions, as in the top two lines of Figure 24, there is some benefit

In providing containment for I03 yr and somewhat more benefit if delay is

extended to 104 yr.

The curves of Figure 25 show the sensitivity of consequences to ground-

water travel time for the intrusion well case in basalt. There is a similar-

ity in shape to those for the general case, although the absolute potential

dose is higher.
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One difference between the reference basalt site results and the others

is that 241Ak and 243Am dominate the dose consequences for very extreme cases

of the intrusion well scenario (ground-water travel time - 50 yr, early and

fast release). 'his is mainly due to the different sorption (recardation)

capabilities of the various reference geologic media.

.-he reference basalt and granite sites also differ in that the basalt

retards Tc and I better, making the release rate f rm the repository a factor

in how sensitive the dose is to ground-water travel time. This relationship
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is not observed in the reference granite case. Again, this can be seen by

comparing first the two upper versus two lower lines of Figure 22 for basalt,

then the two upper versus two lower lines of Figure 11 for granite. In both

cases, the magnitude of dose is higher at the higher release rates (upper

lines) than at the lower release rates (lower lines), but only in the case of

the basalt site is the sensitivity to ground-water travel time greater at the

higher release rates. At the lower release rates, the sensitivity to ground-

water travel time is about the same for both granite and basalt since in these

cases the actinide daughters dominate the dose. Although there are differ-

ences between granite and basalt, the actinides are strongly retarded in both

media (Tables 6 and 17.)

4.4 REFERENCE SALT VERSUS NON-SKLT SITES

The reference salt site analysis (Cloninger, Cole, and Washburn 1980) and

the non-salt site analysis reported here differ in two main respects. First,

the relative calculated dose consequences from the intrusion well case in the

salt site were generally lower than those from like or similar cases in the

non-salt site analysis (the entire scenario is much less likely for the salt

site as well). This is because the radioactivity-contaminated saline plume

exiting the salt repository was assumed to undergo sufficient salt dilution to

allow its unrestricted use in agriculture. The means by which this dilution

is attained was not specified, but the only obvious means is by mixing with

the fresh aquifer. (The question of how this can occur at very short dis-

tances from the salt repository indicates considerably low probability for

extreme intrusion well scenarios in salt media.) The ground water exiting the

non-salt repositories was assuned to be totally potable, except for the radio-

active isotope content.

Ground-water volumetric flow through the repository-was estimated (see

Methodology section) and held constant for all four reference sites. Since

the calculated dose results for the well scenario are nominally proportional

to isotope concentration in the ground water at the point of borehole penetra-
tion, the large dilution assumed for the salt site results in the overall

lower dose In the well case.
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The second apparent difference between the reference salt and non-salt

site results is that the effective bulk retardation of the actinide chains was

generally less in the salt case than in the son-salt, resulting in a higher

significance of the actinides to the overall potential dose consequences in

the salt case. This can be seen by coqparing Figures 26 (repeated here from

Cloninger, Cole, and Washburn 1980) and 27. These figures show the general

sensitivity of consequences for the reference salt and non-salt cases, respec-

tively, to release rate (release duration-1) from the repository.
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The upper line of Figure 26 represents such an extreme scenario--a
ground-water travel time of only 14 years from a salt site--that this sce-
nario, given the very conservative limitations of the methodology, is mainly
of academic interest. When the lower two lines of Figure 26 are compared with
the two lines of Figure 27, the relative significance of the actinide chain
daughters is apparent.
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Aside from dispersion effects enhanced by sorption, the release rate of
single nuclides to the biosphere is generally propotlonal to their release
rate from the repository and, if they are not strongly sorbed or otherwise
retarded, the sensitivity is great. Thus, for fast releases, nearly without
regard to delay in leach initiation or ground-water travel time, the poorly-

sorbed, long-lived fission products doinate the dose consequence>. On the
other hand, for isotopes created via decay of a parent largely after their
release from the repository, the sensitivity to the release rate of the parent
is not great, especially if the degree of geochemical retardation is quite
different between parent and daughter isotope.

In Figure 26, the nearly linear sensitivity to release rate (inverse

linearity with release duration) of the single fission products dominates the

result down to a release rate of only 10-3 fraction per year (constant-rate

release duration of only lOyr), at which point the actinide chains dominate,

finally becoming sensitive to release rate when it falls below 10- per year

(release duration 105 yr).

The same behavior exists for the non-salt sites, but the sensitivity of

the single nuclides, especially the long-lived, non-sorbed fission products,

dominates down to a release rate of nearly 10-5 per yr (release duration of

nearly 105 yr). Below the 10-5 rate, the actinide chains again dominate,

because the consequence from single nuclides is now held below the transport-
dictated actinide chain level by the low release rate. At a slightly lower

release rate, the actinide chain begins to become more linear with release

rate as the spread in time ani space due to reduced release rate exceeds that

due to different degrees of retardation among chain members, coupled with

sorption-enhanced convective dispersion.
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5.0 PERSPECTIVE

From a hydrologic transport standpoint, the assumptions used here tend to

ignore (due to the mathematical difficulty of simulation or the unavailability

of pertinent data) limiting phenomena that, if considered, would both lower

the calculated nuclide release rates to the biosphere (and thereby the result-

ant dose) and reduce the calculated sensitivity of that release to the per-

formance of engineered barriers in the repository. Thus, the treatment here

is quite conservative.

The absolute dose estimates and dose sensitivity to performance param-

eters, especially release rate from the repository. that were calculated for

extreme cases of the intrusion well scenario are likely to be so conservative

as to be nearly academic in value. The ultraconservatism is due to the nature

of our limited application of the geologic transport model in only one physi-

cal dimension. Application of the model along typically distributed source

and point discharge flow lines for a hydrologic system of appropriate scale

for the reference repository is possible for these cases, but is beyond the

scope of this analysis and is not very valuable in a reference analysis. A

brief introduction to the possible significance of these two-dimensional

effects is presented elsewhere (Appendix D of Cloninger, Cole, and Washburn

1980).

Further conservatism occurs with the application of the biosphere trans-

port model to determine estimated dose for high nuclide concentrations. The

dose transfer via food chain reconcentration was considered linear with

ground-water concentration at levels far exceeding the intended useful range

of the model, ignoring any biological saturation limitations that exist

throughout the natural system. This may be particularly significant for the

calculated 129k doses, which were dominated by the thyroid receiver, probably

well beyond the capacity of the thyroid to retain iodine. Definition of such

biological limits was far beyond our scope; thu3, the linear extrapolation is

used.
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Even in view of the very conservative result and its overestimation of

resultant dose from the intrusion well scenario, the result suggests that

ground-water contamination potential is a valid consideration for site selec-

tion criteria, even though the probability of significant contamination is

expected to be low.

Two reasons exist for locating repositories in regions that drain to a

large river. (It is not practical to locate deep enough to avoid all aquifer

regions.) First, the dilution potential for radioisotopes reaching the sur-

face water is great. Second, the ground-water system near a large river is

not as important to the general population since the river itself is the pri-

mary source of municipal and agricultural water supply. In regions where the

deep aquifer is the primary or only source of water, the potential consequence

of aquifer contamination is higher.

In the past, few people populated arid regions in which the ground-water

system was the primary water source. However, recent technological advances

have allowed larger populations to flourish in arid areas, and the trend is

increasing. Continued technological advance may relieve the dependence of

these populations on the aquifers for a primary water supply, but it is always

unclear what the future will held. Technological decline could also occur

(although historical evidence does not strongly support that possibility), and

the arid regions' population would decrease, reducing the population at risk.

It should be noted that the ever-increasing populations of the arid

regions in the southwestern tihited States have so far shown no statistically

significant health effects due to the alreadv higher-than-average natural

radioactivity content of their ground water.

*1
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6.0 ASSUWMTIONS AND CONCLUSIONS

Several assumptions were made to perform the analysis. The conclusions
are, of course, based on the validity of the assumptions and are limited to
the reference systems and real systems whose properties are within or near the
range of the reference site parameters and constants.

6.1 SUMARY OF ASSWMPTIONS AND APPROACH

1. The radionuclide source is one-fifth of the spent nuclear fuel
accumulated in the U.S. through the year 2000, as defined in CWU/
GEIS (DOE 1979a).

2. The release pathways with the greatest risk to man originate from
the waste after disposal.

3. The highest risk pathway from the repository to the biosphere is
the ground-water transport pathway.

4. All nucl ides are soluble in ground water, and the dissolved

nuclides do not change speciation during migration.

5. The migrating nuclides are in reversible sorption equilibrium at
all points.

6. The water velocity and the axial dispersion coefficient are con-
stant for any single parametric calculation.

7. Estimates of the sorption equilibrium constants are used in most
cases.

8. Transverse convection and dispersion are neglected.

9. The Nuclides are dissolved in the ground water in trace concentra-
tions such that there is no inter- or intra-species competition for
sorption, nor are solubility limits ever approached in the far-.
field hydrology.
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10. The release of nuclides from the repository is a constant rate band
(fraction per year) term. except for the effect of radioactive

decay (decaying band release).

11. Doses are calculated for a uSaximum' individual.

12. For all dose calculations, the discharging nuclides accumulate in
the biosphere for 70 yr; the "maximum individual' is exposed to
that accumulation during those 70 yr, and the nuclides are subse-
quently dispersed into the biosphere with no dose after the expo-
sure period.

13. Humans' dietary and living habits will remain constant throughout

geologic time.

14. If the "maximui individual' is adequately protected, all indivi-
duals are adequately protected. This ignores any statistical con-
sequences due to integrated population doses based on a linear
population consequences approach.

15. A nrem dose received by a person living in the year 2051 is equiva-
lent to a mrem dose received by a person living in the year
1,002,051 (10 yr later). Dose value is not discounted with time

of dose occurrence.

6.2 CONCLUSIONS

Even in view of the uncertainty and conservatism inherent in the analy-
sis, these results show trends that are not overly sensitive to a reasonable
variation in geohydrologic properties.

* In nearly all cases, the regional geology is the most effective
barrier to release of radionuclides to the biosphere; however, for
long-lived isotopes of carbon, technetium and iodine, which were
poorly sorbed on the geologic media, the geology is not very effec-
tive once leaching and transport are initiated.

* While the need for and the effectiveness of a release-rate-limiting
barrier are dependent on the sorption properties of the geologic
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media, generally, a release rate of less than 105 yr1 (frac-

tional) is necessary to reduce the potential dose from 14k ,
9 9Tc and 1291 to a baseline level below that of the actinides.
Beyond that, a release rate of considerably less than 10-5 yr, is
required before the potential dose from the actinide chains can be
further lowered by this mechanism. This is because the distribu-
tion of actiaide chain members in time and space, due to their dif-
ferent sorption properties and the characteristics of the ground-
water flow field, has the same effect as a release rate of between
10r5 to 1i-6 yrW. Only in extreme cases of the intrusion water
well scenario is there a direct relationship between release rate
from the repository and release to the biosphere for the actinide

chain daughters.

The 104 yr (or less) delay in leach initiation that an engineered
barrier, container, or sealant might provide is insufficient to

acconplish any maximum potential dose reduction. Only the delay

provided by a stable geology for 1O yr or more can accomplish

this.

Specific nuclides of concern for extreme conditions of the general
case (early, fast release from the repository, short ground-water

transport times) are the fission products 14C, 99Tc and 1291 For

the more likely and moderate conditions of the general case, the
important nuclides are 2 41 Ai as a source of 237Np, 237np, and its
daughters (233U 229Th, 225Ra); 234U and 238 j primarily as a source
of 226Ra (and also as dose contributors themselves); and 226Ra and
Its daughters (especially 210Pb and 210Po). For extreme conditions
of the intrusion well case, the dominant nuclides were 1k, 241k,
243 M, 79Se, and 239Pu.

If actual limitations to mass transport in a backfilled repository, the
geochemical limits in the hydrogeologic far field, and the three-dimensional.
hydrologic system were rigorously taken into account, and natural biological

6.3
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saturation limits were used, the technical Incentive for providing the above
functions via engineered systems could possibly be reduced from that described
above.
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APPENDIX A

REFERENCE GRANITE SITE
EXPANDED DOSE SLHAY TABLES



REFERENCE GRANITE SITE EXPANDED DOSE SUMIARY TABLES

A.1 SUMMARY TABLES FOR GENERAL LEACH INCIDENT SCENARIOS

The following tables are expanded summaries of the consequence calcula-

tions for the granite-site parametric sets. These tables list the nuclides in

descending order of dose cxmmitment to a critical organ, along with the asso-

ciated total body iose and time of maximum dose occurrence. Tables A.1.1

through A.I.9 contain the results for the general leach incident scenario.

All tables are arbitrarily cut off at the 20 most dose-significant (to criti-

cal organ) nuclides in order to save space. Very little Information is lost,

since generally only a few isotopes dominate the dose and all others are

orders of magnitude less significant. In several cases, less than 20 nuclides

survived the transport time from the repository to the biosphere; thus, fewer
than 20 appear in the dose tables for those cases.
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TABLE A.M.l. Seventy-Year Cumulative Dose Conmitment (Kaximum-Individual)
Expanded Summary for Case GRTOOIG

Parametric Data

Release duration = l.OE+02; delay prior to release - 1.OE+00 yr;
ground-water velocity = 2.OOE400 m/yr; ground-water pathlength - l.OOE+03 m;
ground-water travel time * 5.OE+02 yr; dispersion coefficient - 1.3E+O1 mW/yr.

Time After Seventy-year dose, rem
Nuclide Closure, yr Total Body Bone Lungs Thyroid G1-LLl

C 0.54E+03 1.4+001 7.2+001 1.4+001 1.4+001 1.4+001
9rc 0.54E+03 4.6-001 1.1+000 1.4-001 3.5-006 6.2+001
129I 0.54E+03 5.4-002 3.1-002 1.9-002 2.7+001 2.1-002

Np 0.33E+06 3.8-002 5.8-001 1.3-002 1.3-002 1.3-002
2340 0.14E+06 3.1-Q02 5.0-001 1.5-004 1.5-004 4.1-002
22 Ra 0.33E+06 3.0-001 4.0-001 4.2-004 4.2-004 4.2-004
2 9 Th 0.33E+06 8.7-003 1.6-001 7.7-004 7.7-004 7.7-004
238U 0.14E+06 9.2-003 1.2-001 2.1-003 2.1-003 1.2-002
236 0.14E+06 7.2-003 1.2-001 1.0-006 1.0-006 1.0-006
225Ra 0.33E+06 2.0-002 1.0-001 0.0 0.0 0.0
210Pb 0.33E+06 6.7-004 1.7-002 9.5-008 9.5-008 9.5-008
233U 0.33E+06 7.7-004 1.2-002 2.7-006 2.7-006 2.7-006

po 0.33E+06 2.6-003 1.1-002 1.1-011 1.1-011 1.1-011
0.10E+07 2.5-004 5.2-003 7.1-007 7.1-007 1.4-003

23Th 0.14E+06 4.5-005 1.5-003 1.0-007 1.0-007 1.0-007
i 0.33E+06 1.5-004 9.0-004 4.9-009 4.9-009 4.9-009

22 5k 0.33E+06 5.7-004 7.4-004 5.5-004 5.5-004 5.5-004
23S 0.14E+06 6.0-005 5.1-004 3.0-005 3.0-005 8.3-005

27 Ac 0.14E+06 5.4-007 7.9-006 4.6-008 4.6-008 4.6-008
231p 0.14E06 2.6-007 4.1-006 9.5-008 9.5-008 9.5-008

- -A.2



TABLE A.1.2. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Summary for Case GRT002G

Parametric Data

Release duration - 1.OE+06; delay prior to release = l.OE+O0 yr;
ground-water velocity - 2.00E+00 m/yr; ground-water pathlength 1.OOE+03 m;
ground-water travel time = 5.OE+02 yr; dispersion coefficient 1.3E+01 .2/yr.

N4ucl ide
229Th
225Ra
226Ra

99rC
233U
234U
210~

129i
210P
236U
238U
224AC
230Th
.242P
59Ni

235u
227Ac

Time After
Closure, yr

0.60E+06

0.60E+06

0.35E+06
0.35E+06
0.54E+03

0.54E+03

0.60 E+06

8.15E+06

0.35E+06
0.54E+03
0.35E+06
O.15E+06

0.60E+06

0.60E+06

0.35E+06

0.1lE+07
0.35E+06
0.88E+07
0.60E+06
0.60E+06

Seventy-year dose, rem
lotal Body

3.3-003
7.6-003

2.2-002
5.0-004

1.4-003
4.6-005

2.9-004

2.4-004

1.2-004
5.4-006
4.9-004

6.7-005

6.1-005

2.1-004
6.6-006

6.4-006
2.2-006
6.0-006
4.2-007

5.8-008

Bone
6.1-002

3.8-002

2.9-002
7.5-003

7.2-003
1.1 -004

4.7-003

3.S-003
3.2-003
3.1-006

2.0-003

1.1-003

8.0-004

2.8-004

2.2-004

1.3-004

1.3-005

5.5-006

3.6-006

8.5-007

Lungs

2.9-004
0.0

3.2-005
1.7-004

1.4-003
1.4-005

1.0-006

1.1-006

1.8-008

1.9-006

2.1-012

9.4-009

1.4-005

2.1-00'

1.5-008

1.8-008

7.0-011

2.7-009

2.2-007

5.0-009

yroid 61-LLI

9-004 2.9-004

0 0.0
2-005 3.2-005

7-004 1.7-004

4-003 1.4-003

5-010 6.2-003

0-006 1.0-006

1-006 3.2-004
1-008 1.8-008

8-003 2.1-006

1-012 2.1-012

4-009 9.4-009

4-005 7.8-005

1-004 2.1-004

5-008 1.5-008

8-008 3.6-005

0-011 7.0-011

7-009 2.7-009

2-007 5.9-007
0-009 5.0-009
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TABLE A.1.3. Seventy-Year Cunulative Dose Commitment (Maximum-Individual)
Expanded Summary for Case GRTO03G

Parametric Data

Release duration - 1.OE+06; delay prior to release = 1.OE+06 yr;
ground-water velocity = 2.00E+00 m/yr; ground-watery pathlength - 1.OOE+03 m;
ground-water travel tine = 5.0E402 yr; dispersion coefficient = 1.3E+01 m21yr.

tNucl ide
22 6R
237Np

233u
129i

210~

234u
236%

23O%

2425

22Ra

E9 C

Time After
Closure, yr

0.14E+07

0.14E+07
0.13E+07

Q lOE+Ot

0.14E+07

0.13E+07

0.11E+07

I.l 3E+07

0.14E+07
fLI6E+07

0.13E+07
0. 1OE+07

0.13E+07

0.16E+07
0.20E+07
0.1 6E+07
0.98E+O0
0.16E+07

Seventy-year dose, rem
Total Body

9.8-003

3.6-004

2.5-004

5.2-006

5.5-005

6.2-005

7.3-005
6.4-005
2.2-004
6.1-005
1.4-004
1.7-006
2.9-006
8.9-006

1.0-006
1.2-006
1.8-005
5.8-007

Bone
1.3-002

5.4-003

4.0-003

3.0-006
1.4-003

1.2-003

1.2-003

1.0-003

9.1-004
8.0-004

7.2-004

4.3-006

9.8-005

7.6-005
2.1-005
1.7-005
1.6-005
9.0-006

Lungs

1.4-005

1.2-004

8.8-007

1.8-006

7.9-009

5.5-006

3.4-007

9. 1-oog
9.5-013

1.4-005

0.0

5.4-007

6.9-009
4.5-006

2.9-009

1.0-007

7.9-009

2.1-007

Ihyroid

1.4-005

1.2-004
8.8-007

2.7-003

7.9-DO9

5.5-006

3.4-007

9. i -009

9.5-013

1.4-005

0.0

1.3-011

6.9-009

4.5-006

2.9-009

1.0-007

7.9-009

2.1-007

61-ILL

1.4.005

1.2-004

8.8-007

2.0-006

7.9-009

5.5-006

9.6-005

9.1-009

9.5-013

7.8-005

0.0

2.3-004

6.9-009

1.2-005

5.7-006

1.0-007

7.9-009

2.1-007
"r AC 0.13E+07 4.1-006 5.3-006 4.0-006 4.0-006 4.0-00,

0.98E+07 2.2-008 3.8-007 9.5-009 9.5-009 2.3-00

A.4
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TABLE A.1.4. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Sunmary for Case GRT004G

Parametric Data

Release duration = 1.OE+02; delay prior to release = 1.0E+06 yr;
ground-water velocity - 2.00E+00 m/yr; ground-water pathlength - 1.OOE+03 m;
ground-water travel time - 5.OE+02 yr; dispersion coefficient = 1.3E+01 ;2/yr.

Time After Seventyear dose, rec,
Nuclide Closure, yr Total Body Bone '-Lungs Thyroid GI-=LL

129k 0.1QE+07 5.2-002 3.0-002 1.8-002 2.6+001 2.0-002
991c 0.1 E+07 1.7-002 4.3-002 5.4-003 1.3-007 2.3+000
237Np 0.13E+07 2.1-002 3.3-001 7.4-003 7.4-003 7.4-003
2 3 3  0.11E+07 1.4-002 2.3-001 5.0-005 5.0-005 5.0-005

234U 0.11E+07 1.1-002 1.7-001 5.1-005 5.1-005 5.1-002
236% 0.11E+07 9.4-003 1.5-001 1.3-006 1.3-006 1.3-006
226Ra 0.13E+07 1.1-001 1.4-001 1.6-004 1.6-004 1.6-004
'3U O.11E+07 9.2-003 1.2-001 2.1-003 2.1-003 1.2-002
229Th 0.11E+07 9.5-004 1.8-002 8.4-005 8.4-005 8.4-005
235u 0.11E+07 1.3-003 1.1-002 6.7-004 6.7-004 1.8-003
225Ra 0.11E+07 2.2-003 1.1-002 0.0 0.0 0.0

0.13E+07 2.6-004 6.8-003 3.7-008 3.7-008 3.7-008
po 0.13E+07 10-003 4.3-003 4.5-012 4.5-012 4.5-012

242Pu 0.20E+07 4.1-005 8.5-004 1.2-007 1.2-007 2.3-004

230T 0.11E+07 1.8-005 5.9-004 4.1-008 4.1-008 4.1-008
227Ac 0.11E+07 1.2-005 1.8-004 1.0-006 1.0-006 1.0-006

Pa 0.11E+07 5.9-006 9.1-005 2.1-006 2.1-006 2.1-006
225Ac 0.11E+07 6.2-005 8.1-005 6.1-005 6.1-005 6.1-005
228Ra 0.93E407 2.9-005 2.7-005 1.3-008 1.3-008 1.3-008
232Th 0.93E+07 3.6-008 6.1-007 1.5-008 1.5-008 3.8-008-

,,.r ; t Ds 0; V0 ,.S,. ', ,, , - . ' ', 0: ,',' ,' f, $A.'''95.



TABLE A.S.5. Seventy-Year Cumulative Dos. Comunitment (axttmn-Individual)
Expanded Sumary for Case tTDO5G

Parametric Data

Release duration - 1.OE+02; delay prior to release - 1.OEf06 yr;
ground-water velocity 1.50E-02 mlyr; ground-water pathlength . 1.50E+042M;
ground-water travel time - 1.0E+06 yr; dispersion coefficient * 6.3E-03 2I/yr.

Nucl Ide
1291

- . 226Ra

99Tc
234\}
23BU
2l0

.210pb,
1210PO

235U
23 0Th
22 7A
231Pa
236U
228Ra

21%i
2321h
22ia'
228Th

- 87R

Time After
Closure, yr

0.20E+07
0.2lEi-09
0.20E+07
0.27Ef09

0.27E+09

0.27E+09

0.27E+09
0.27E+09
0.27E+09

0.27E+09

0.27E+09
0.27E+09
0.17E+11
0.2x 709
0.17£+11

0.17E+11

0.67E+10

Seventy-vear dose, rem - -
total bogy
4.1-003
1.5-002

5.3-005
1.8-004
1.8-004
8.2-005
3.3-004

2.1-005
4.5-006

2.5-006

1.2-006
6.7-008
3.0-007

4.6-009

3.7-010
5.7-010

1.0-010
4.2-010

Wone
2.4-003

1.9-002
1.3-004
2.9-003
2.3-003
2.1-003
1.4-003
1.8-004
1.5-004
3.7-005
1.9-005

1.1-006
2.8-007
8.0-O9
6.3-009
2.9-009
2.0-009
5.0-017

Lungs

1.4-003

2.1-005
1.6-005

8.5-007
4.1-005

1.2-008

1.4-012
1.1-005
1.0-008

2.1-007

4.4-007

9.4-012

1.3-010
7.5-012

1.6-010
4.2-013

3.6-011
5.0-017

ihyrolG
2.1*000
2.1-005
4.0-010
8.5-007
4.1-005
1.2-008
1.4-012
1.1-005
1.0-008
2.1-007
4.4-007
9.4-012

1.3-010
7.5-012

1.6-010
4.2-013
3.6-011

5.0-017

li-LLI

1.6-003
2.1-005
7.1-003
2.4-004
2.3-004
1.2-008
1.4-012
2.9-005
1.0-008
2.1-007
4.4-007
9.4-012
1.3-010
7.5-012
3.9-010
4.2-013
3.6-011
5.0-017
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TABLE A.1.6. Seventy-Year Cumulative Dose Conmmitment (haximum-Individual)
- Expanded Swmmary for Case GRT06G

Parametric Data

Release duration - 1.OE+06; delay prior to release - l.OE+06 yr;
ground-water. velocity = l.SDE-02 m/yr; ground-water pathlength - 1.50E+04 m;
ground-water travel time = l.OE+06 yr; dispersion coefficient -. 5.3E-03 r2 Iyr.

Time After
Nuclide Cloasure, yr
226Ra. 0.27E+09
129i 0.20E+07

21O~b O.27E+09
2 34 j .7E0

0.27E+09
238m 0.2 7E.09

21O~o 0.2 7E409

227Ak 0.27E+09
991c 0.20E+07

231Pa 0.27E+09
228Ra 0.17E*11

232Th 0.17E4-11
22Ra 0.I1E'11

21Li 0.27Ee09
228Th 0.17E+11
8 74 0.67E+10

Total Body
6.7-003
5.0-OQ6

3.8-005

6.0-005

5.9-005

1.5-04
2.0-006

6.8-006

9.0-007
6.7-008

4.4-007

4.3-007

2.1-008
5.4-010
-6.2-010

2.1-009
1.5-010

3.9-010

Seventy-year dose, rem
Bone

8.9-003
2.9-006

9.7-004

9.5-004

7.6-004
6.2-004

6.8-005
5.8-005

1.3-005
1.7-007

6.8-006

4.0-007

3.4-007

9.1-009

4.1-009
3.7-009

2.8-009
4.7-017

Lungs
9.8-006

1.7-006

5.4-009

2.8-007
1.3-005

6.5-013

4.8-009

3.5-006
7.7-008

2.1-008

1 .- 007
1.9-010

3.0-012
2.3-010

6.1-013
3.4-012
5.2-011
4.1-017

Thyroid

9.8-006

2.5-003

5.4-009

2.8-007

1,3-005

6.5-013

: 4.8-009
3.5-006

7.7-008

5.0-013

1.6-007

1.9-010

3.0-012

2.3-010
6.1-013
3.4-012

5.2-011
4.7-017

61-LLI

9 .8-006
1.9-006

5.4-009

7.9-005
7.4-005

6.5-013
4.8-009

9.5-006
7.7-008

9.0-006

1.6-007

1.9-010
3.0-012

5.6-010
6.1-013
3.4-012

5.2-011
4.7-017

:'.
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TABLE A.1.7. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Simary for Case GRT007G

Parametric Data

Release duration - 1.OE+06; delay prior to release = l.OE+00 yr;
ground-water velocity - 1.50E-02 m/yr; ground-water pathlength a 1.50E+04 m;
ground-water travel time - 1.OE+06 yr; dispersion coefficient a 5.3E-03 2 lyr.

Nucl ide
226Ra

210~
234U
23%U

99Tc

235U
227Ac

231pa
228Ra
?32Th

.210Bi
224Ra

87Rb

Time After
el osure, yr

0.21E+09

0.20E+07

0.27E+09
0.27E+09

0.27E+09
0.27E+09
O.lOE+07

0.27E+09
0.27E+09
0.27E+09
0.27E+09
0.27E+09

0.17E+11
0.17E+1l

0.27E+09

0.17E+11

0.7iE+ll

0.67E+10

Seventy-year dose,
Total Bogy
t.7-003
5.2-006
3.8-005

6.0-005

5.9-005
1.5-004

1.8-006
2.0-006
3.4-007
4.4-008
2.2-008

2.1-008
1.8-007
2.2-010
2.1-009
3.4-010
6.0-011
3.9-010

Bone

8.9-003
3.0-006
9.7-004
9.5-004
7.6-004
6.2-004
4.4-006
6.8-005

2.9-006
6.4-007
3.5-007
3.3-007
1.6-007
3.8-009

3.7-009

1.7-009

1.2-009
4.7-017

Lungs

9.8-006

1.8-006

5.4-009

2.8-007

1.3-005

6.5-013

5.5-007

4.88-009

1.7-007

3.7-009

3.1-012

7.7-009
7.9-011

9.5-011

3.4-012
2.5-013

2.1-011
4.7-017

rem .

9.8-006

2.7-003
5.4-009

2.8-007

1.3-005
6.5-013

1.3-011
4.8-009

1.7-007
3.7-009

3.1-012

7.7-009

7.9-011
9.5-011
3.4-012
2.5-013
2.1-011
4.7-017

G1-LL
9.8-006

2.0-006
5.4-009

7.9-005

7.4-005

6.5-013

2.4-004
4.8-009

4.7-007
3.7-009
3.!- "

7.7-009
7.9-011
2.3-010
3.4-012
2.5-013

2.1-011
4.7-017

I 1 7 I . .
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TABLE A.1.8. Seventy-Year Cumulative Dose Comnitment (Maximum-Individual)
Expanded Summary for Case GRT008G

Parametric Data

Release duration = I.OE+02; delay prior to release = l.OE+00 yr;
ground-water velocity - 1.50E-02 m/yr; ground-water pathlength = 1.50E+04 m;
ground-water travel time - 1.OE+06 yr; dispersion coefficient = 5.3E-03 m2/yr.

Nuci ide
1291

. 9rc
226Ra
234U
2 38u
210%
210Po
2 3Oh

235U

227Ac
236U

231pa
22 8Ra

210%;

232Th
224Ra
228Th
87Rb

Time After
Closure, yr

0.10E+07

0.1GE07
0.27E+09

0.2 XtE09

0.27Ee09

0.27E+09
0.27E+09

0.27E.09

0.27E'09
0.27E+09
0.27E+09

0.27E.09

0.17E+l1

0.2 7E.09

0.17E+l1
0.17E+11
0.17E+11
0.67E+10

Seventy-year dose, rem
iota I flogy
4.3-003

1.5-003
1.5-002

1.8-004
1.8-004

8.2-005

3.3-004

4.5-006

1.0-006
1.2-007

6.7-008

6.0-008

4.3-008
4.6-009

5.4-011
8.2-011

1.5-011
4.2-010

tIone
2.5 -003
3.7-003

1.9-002
2.9-003

2.3-003
2. 1-003

1.4-003
1.5-04

8.7-006

1.8-006

1.1-006
9.3-007

4.0-008

8 O-O9
9.1-010
4.1-010

2.8-010
5.0-017

Lungs
1.5-003
4.6-004

2.1-005

8.5-007
4.1-005

1.2-008

1.4-012
1.1-008

5.2-007

1.0-008
9.4-012

2.2-008

1.9-011
7.5-012

2.3-011
6.1-014

5.2-012
5.0-017

Inyrola

2.2+000

1.1-008
2.1-W5

8.5-007
4.1-005

1.2-008
1.4-012

1. 1 -008

5.2-007

1.0-008
9.4-012

2.2-08

1.9-011
7.5-01O
2.3-011
6.1-014
5.2-012
5.0-017

6I-LLI

1.7-003

2.0-001
2.1-005

2.4-004

2.3-004

1.2-008

1.4-012

1.1-008

1.4-006

1.0-008

9.4-012

2.2-008

1.9-011

7. 5-012

5.6-011

6.1-014

5.2-012

5. 0-017
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TABLE A.1.9. Severity-Year Cunulative Dose Comnitment (Maximm-Individual)
Expanded Suimary for Case GRT009G

Parametric Data

Release duration 1 l.OE+04; delay prior to release - l.OE+00 yr;
ground-water velocity a l.50E-02 mIyr; ground-water pathlength 1 1.SE+04 W;
ground-water travel time - l.OE+06 yr; dispersion coefficient 5.3E-03 'I/yr.

Nucl ide
129i
9 9fc
226Ra
234U
238U

210pb
.210o~
230rh
235U
227kc
236U
231pa
228Ra
21%i
232Th

.224Rta
22S8h

8 7Rb

Time After
Closure, yr

0.10E+07

0.l2E407
0.27E+09

0.27E+09

0.27E+09
0.27E+09

0.27E+09
0.27E.09

0.27E+09
0.27E+09

0.27E+09
0.27E+09
-0.1 7E.ll
0.2 7E+09

0.17E+11
0.17E+11
0.67E+10

Seventy-year dose, rem
Total body

5.2-004

1.8-004

1.5-002

1.8-004

1.8-004
8.2-005

3.3-004

4.5-006

1.0-006
1.2-007
6.7-008
6.0-008

4.5-008
4.6-009

5 .6-011
8.6-011

1.5-011
4.2-010

Bone
3.0-004

4.4-004

1.9-002
2.9-003
2.3-003
2.1-003
1.4-003

1. 5-004

8.7-006

1.8-006
1.1-006
9.3-007

4.1-008
8.0-009

i.5 010
4.3-010
3.0-010
5.0-017

Lungs
1.8-004

5.5-005

2.1-005
8.5-007

4.1-005
1.2-008

1.4-012
1.1-008

5.2-007

1.0-008

9.4-012

2.2-008

2.0-011

7.5-012

2.4-011

6.3-014

5.4-012

5.0-017

Thyroid

2.6-001

1.3-009

2.1-005

8.5-007

4.1-005

1.2-008

1.4-012

1.1-008

5.2-007

1.0-008

9.4-012

2.2-008

2.0-011

7.5-012

2.4-011

6.3-014

5.4-012

5.0-017

GI-LLI

2.0-004

2.4-002

2.1-005

2.4-004

2.3-004

1.2-008

1.4-012

1.1-008

1.4-006
1.0-008

9.4-012

2.2-008

2.0-011

7.5-012

5.9-011

6.3-014

5.4-012

5.0-017

A.10



A2 S~MMY TABLES F9JR ISTRUSION WATER WELL SCENARIO

The following tables are expanded sumaries of the consequence
calculations for the intrusion vater-well scenario. The nuciides are listed
in decreasing dose commitment to critical organs, along with the associated
total body dose comiitment and time of peak dose occurrence. All tables are
arbitrarily cut off at the 20 most dose-signifcant isotopes in order to save
space. Very little information is lost since generally only a few isotopes
doinate the dose and all others are orders of magnitude less significant. In

several cases less than 20 nuclides survived the transport from the repository
to the biosphere; thus, fewer than 20 appear in the dose tables for those
cases. In some cases, 7Se was added as the twentieth nuclide due to its
strong contribution to the "total body' dose even though it is insignificant

as a critical organ dose contributor.

I I

1 11

.
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TABLE A.2.1. Seventy-tear Cunulative Dose Conuitment (Kaximum-Individual)
Expanded Suwnary for Case GRTOOIK

Parametric Data

Release duration l 1.OE+02 yr; delay prior to release -l.OE+00 yr;
ground-water velocity = 2.OOE+00 u/yr; ground-wter pathlength - l.OE+03 m;
ground-water travel time - 5.OE+02 yr; dispersion coefficient - 1.3E*01 Wl/yr.

Time After
N~uclide Closure, yr

0.54E.03
.991c D.954E.-03

I29 0.54Ee-0
234j3 0.14E.06

237NP 0.33E406
226Ra 0.33E.06

0.14E.06
238w 0.14E406

229Th 0.33E+06
0.33E.06

21O~b 0.33E.ID6
233~ 0.33E.06

242pu O.1OE.07
59Ni 0.33E.06

.213 Th 0.14E.06

223 5

AC 0.33E4-06

231Pa 0.14E.06
227c .0.14E.06

Seventy-Year Dose, rem
Total Body

5.4+005

1.+7004

1.3+003
9.2+002
3.0+002
4.2+003

2.1+002

2.0+002

8.4+001
2.2+002

2.0+001
2.3+001
5.9+000

4.1+000
4.7-001
8.3-001
7.7-001

4.6-002

3.9-003

2.8-003

Bone

2.7+006

4.3+004

4.7+002

1.5+004

6.8+003

5.4+003

3.4+003

3.3+003

1.7+003

1.1+003

5.0+002

3.7+002

1.2+002

2.4+001

1.6+001
1.3+001
3.2+000
6.9-001

9.3-002

4.4-002

Lungs

5.4+005

5.4+003

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Thyrold

5.4+005

0.0

1.0+006
0.0
0.0

0.0

0.0

0.0
0.0
0.0

0.0

0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0:

0.0

6I-Ll

5.4+005

2.3+006
7.14001

1.2+003
0.0
0.0

0.0

2.7+002
0.0

0.0
0.0

0.0
3.3+001

0.0

0.0

1.5+000

0.0

0.0

0.0

3.0

A.12



TABLE A.2.2. Seventy-Year Cuaulative Dose Commitment (Maximum-Indtvidual)
Expanded Summary for Case GRT002W

Parametric Data

Release duration - 1.OE*06 yr; delay prior to release = l.OE+00 yr;
ground-water velocity - 2.00E+00 m/yr; ground-water pathlength r.OOE+03 m;
ground-water travel time = 5.0E+02 yr; dispersion coefficient = 1.3E401 W/yr.

Nucl Ide
229Th
22 6Ra
225Ra

14

99r
233u
234u

1291
210pb

2371p

236U
238U

242pu
23Drh
210po
59,"
225AC

235U
228Ra
231pa

Time After
Closure, yr

0.60E+06

0.35E406

0.60E+06

0.64E+03

0.54E+03

0.60E+06

O.IE+06

0.54E+03

0.35E406
0.35E+06

O.15E+06

0.60E+06

0.1QE+07

0.35E+06

0.35E+06
0.35E+06

0.60E+06

0.60E+06

0.88D+07

0.6CE+06

Seventy-Year Dose, rem
Total Body

3.1+001
3.1+002

8.1+001

5.4+001

1.7+00

8.6+000

7.2+000

1.3-001

3.7+000

3.9+000

2.04000

1.3+000

1.5-001

7.0-002

1.4-001

5.8-002

1.7-002

5.9-003
8.1-002

4.2-004

Bone
6.4+002
4.1+002

4.1+002

2.7+002

4.4+000

1.4+002

1.1+002

4.7-002
9.3+001
8.8+001
3.2+001
2.2+001

3.1+000

2.3+000

5.9-001
3.4-001

2.6-001

9.6-002

Lungs

0.0

0.0

0.0

5.4+001
5.4-001

0.0

0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0

0.0
0.0
0.0

0.0

thyri

0.0

0.0

0.0

5.4+1
0.0
0.0

0.0

1.0+
0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0
0.0
0.0

oDd 61-LLI

O.0

0.0

0.0

001 S.4+001
2.3+002
0.0

9.5+000

002 7.1-003
0.0
0.0

0.0

1.8+000
8.3-001

0.0
0.0
0.0
0.0

1.1-002
0.0

0.0

7.4-002 0.0

1.0-002 0.0

'.'

: 0.0

0.0

7 . . .

'

- .. - -.
.. . . . .

- .

. .

. .

. . S

. . . .

. .
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TABLE A.2.3. Seventy-Year Cumulative Dose Commitment (Kaximun-Individual)
Expanded Summary for Case GRT0W3W

Parametric Data

Release duration - 1.OE.06 yr; delay prior to release - 1.OE+06 yr;
ground-water velocity - 2.OOE+00 mlr; ground-water pathlength a I.OOE+03 .
ground-water travel time - 5.OE+02 yr; dispersfon coefficient - 1.3E+01 2 /;r.

Tima Afto.

NuclIde Closure, yr URI MEN
226Ra 0.14E.07 1.4+002 1.
233U 0.13E+07 7.2+000 1
129k O.IOE+07 1.3-001 4,
237Np 0.14E+07 2.6+000 6.
210Pb 0.14E+07 1.6+000 4,
2 34U O.l:E+07 2.1+000 3.
236 0.13E+07 1.9+000 3.
23U 6.16E+07 1.3+000 2.

229Th .13E+07 6.0-001 14
9 Tc O.1CE+07 6.5-002 1.
225Ra 0.13E+07 1.5+000 7,
23I 0.1.+07 1.2-001 2.

23Th 0.13Ee07 3.1-002 1
242pU 0.20E407 2.4-02 5.
2 - 0.14E407 6.3-002 2.
228 a 0.9.+07 2.4-001 2.
231Pa 0.16E.07 8.5-003 2
221& 0.16E+07 6.2-003 9.
225 k 0.13E+07 3.3-004 4'
232m 0.98.07- 1.1-004 3.

A..

Seventy-Year Dose, rem
3one

.8+002

.2+002

.5-02

.3+001

.2*001

.4+001

.0.001

.2+001

.2+001

.6-001

.7+000
*0.000
.0+000
i0-001
.6-001
.2-001
.0-001
.7-002

.9-003

Lungs

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.0-002
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

iThyrol
0.0

0.0

9.8+.0

0.0

0.0

0.0

0.0

0.0

.0.0

0.0

0.0

0.0

'0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

id

Ii

GI-LLl

0.0

0.0

6.8-003
0.0

0.0

2.84-000

0.0

1.8+000
0.0
8.8+000
0.0
2.2-001
0.0
1.3-001
0.0
0.0
0.0
0.0
0.0
1.2-004

- i:

I . .

.3-003 0.0

O - .

14



TABLE A.2.4. Seventy-Year Cumulative Dose Comitmnent (Kaxtun-lIndividual)
Expanded Sumunary for Case GRTO0

Paranetric Data

Release duration 1.OE+02 yr; delay prior to release * 1.OE+06 yr;ground-water velocity £ 2.0GE+00 mlyr; groundwater pathlength a 1.OOE+03 m;ground-water travel time - S.OE+02 yr; dispersion coefflcicrt -l.3EM01 myr.

Nucl ide
129i
99rc
233L,

234%

237NP
23%

235SU

21O~
229Th
225Ra
242~
230.rh
231pa

228Ra
225Ac
232Th

Time Af
Cl osure

0.1OE.
0.I CE.
O.llE+I

.O.IIE+4
Q.llE+j

0.13E.
*O.llE4
0.13E+i

O.llE+I
0.1 1£.I0. I X+I
0.1 I IN

0.11+0,

0.20E.1

O.I1E+I
0. 13E+C

0. 93E+(
O.llE+C
0.93E+(

ter Seventy-Year Dose, rem
ar ____ _Bog Bone

07 1.3+003 4.5.002 0.0 9.8+005 (
07 6.5+002 1.6+003 2.0+002 0.0
0 4.1002 -6.7+003 0.0 0.0 C
07 3.2+002 5.1003 0.0 0.0 4
07 2.8+002 4.4+003 0.0 0.0 C
7 1.7+002 3.8+003 0.0 0.0 C
07 2.04002 3.3+003. 0.0 .0.0
07 1.5+003 2.0+003 0.0 0.0 -
07 1.8+001 3.0+002 0.0 0.0 3

77 7.8+000 2.0+002 0.0 0.0 C
07 9.2+000 1.9+002 0.0 0.0 O
7 2.4+001 1.2+002 0.0 0.0 0
07 9.7-001 2.0+001 0.0 0.0 5
37 1.9-001 6.3+000 0.0 0.0 0
0 8.7-002 2.1+000 0.0 0.0 0
37 3.0-001 1.3+000 0.0 0.0 0
7 6.3-002 9.9-001 0.0 O.0 0

V7 3.9-001 3.6-001 0.0 0.0 0
5.0-003 7.5-002 0.0 0.0 0.
1 1.9-004 5.3-003 0.0 0.0 2-

A.1

6-LLI

6.2002

1.b0

D.0

0.0
.0.

D.0

3.4+000

.0

.0

.0

.0-004

� I

. I



TABLE A.2.S. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Summary for Case GRTOOW

Parametric Data

Release duration = 1.OE+02 yr; delay prior to release - 1.0E+06 yr;
ground-water velocity = 1.SOE-02 mlyr; ground-water pathlength - 1.50E404 m;
ground-water travel time - l.OE+06 yr; dispersion coefficient - 5.3E+03 Wj/yr.

Nuclide
129i

22Ra
9 9Tc
234j

238

210pb

23%

231pa
2 10Po
227Ac

236j

22Ra

21%i

232Th

.224Ra

228Th
87M -

Time After
Closure, r

0.20E+07

0.27E+09

0.20E+07

0.27E+09

0.27E+09
0.27E+09

0.27E+09

0.27E.09

0.27E+09
0.27E+09

O.27E+09
0.27E+09

0.17E+11

0.27E+09
0.17E+11

0.17E+11
0.17E+11
0.67E+10

Seventy-Year Dose, rem
total Body
9.94001

2.1+002

2.0#000
5.3+000

3.9+000

2.4+000

29-001
4.7-002

1.8-002
9.5-002

1.3-002
2.0-003

4.1-003

1.3-004
'1.9-006
3.7-006
5.9-007

2.S-006

Bone
3.6+001

2.7+002
5.0+000

8.5+001

6.4+001
6.2+001
4.7+000

1.6+000

4.3-001
3.9-001

2.0-001
3.2-002

3.7-003

2.3-004
5.5-005
1.8-005
1.7-005
0.0

Lungs
0.0

0.0

6.2-001

0.0

0.0
0.0
0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0

0.0

Thyroid

7.8+004

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

-0.0

0.0

0.0

0.0

0.0

.0.0

0.0

6l-LLI

5.4+000

.0
2.7+002

7.1+000

5.2+000
0.0

5.2-001

0.0
0.0
0.0

0.0
0.0

0.0

0.0
2.1-006

0.0

0.0
0.0

A.16



TABLE A2.6. Seventy-Year Cumulative Dose Conmdtment (Maximum-Individual)
Expanded Sumnary for Case GRT006W

Parametric Data

Release duration a 1.0E+06; delay prior to release - l.0E+06 yr;
ground-water velocity = 1.50E-02 m/yr; ground-water pathlength - l.5OE+04m;
ground-water travel time = 1.OE+06 yr; dispersion coefficient - 5.3E-03 aC/yr.

Mucl Ide
226Ra
129k

210~b
234U

23%U
235U
230Th

231p

227
236u
22BRa

224Ra
228Th
87Rb

Time After
Closure, yr

0.27E409
0.20E.07
0.2 7E+09
0.2 7E.09

0.27E+09
0.2XE'09

0.27E+09

0.2cE.07

0.27E.D9
0.27E+09

0.27Ee09

0.27E.09

0.17Ee11
0. 2XE09
0. 17E41 1
0.17E411
0.17E411
0.67E.10

Seventy-year dose, rem
Total Bomy

9.5+001
1.2-001

1.1+000

1.7+000

Bone

1.3+002
4.3-002

2.8+001
2.8+001

1.3+000 2.1+001
9.4-002 1.5+000
2.2-002 7.2-001

2.6-003 6.3-003
4.4-002 1.8-001

6.4-003 1.5-001

4.7-003 7.3-002

6.3-004 1.0-002

5.8-003 5.3-003
6.2-005 1.1-004
2.7-006 7.9-005
5.3-006 2.7-005
8.5-007 2.5-005

2.4-006 0.0

Lungs

0.0

0.0

0.0

0.0

0.0

0.0

0.0

7.9-004

0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

Thyroid
0.0

9.4+001

0.0
0.0

0.0

0.0

0.0

0.0

0.0
0.0

0.0
0.0

.0.0
0.0
0.0
0.0
0.0
0.0

61-ILl

0.0

6.5-003
0.0

2.340.0

1.7+000

1.7-001
0.0 :

3.4-001

.0.0
0.0
0.0

0.0
0.0

* 0.0
3.2-006
0.0

0.0
.0.0

- A.17



TABLE A.2.7. Seventy-Tear Cunulative Dose Connitment (Maxuum- Individual)
Expanded Swuiary for Case CRT007W

Parametric Data

Release duration a 1.OE+06; delay prior to release - 1.OE+00 yr;
ground-vater velocity = I.SE-02 mlyr; ground-water patlength 1.5E+04 m;
ground-water travel time 1 l.OE+06 yr; dispersion coefficient 5.3E-03 if/yr.

Dlucl ide
226Ra
1291
210pb
234u

23BU

99rc
21OTh

210po
235u

23%J
2 31 Pa
227h

228Ra
2 %~
232Tm
2 24Ra

228Th
I87R

Time After
Closure, yr

0.27E+09

0.10E+07

0.27E+09
0.27E+09

0.27E+09
O.1CE+07
0.27E+09
0.27E+09

0.27E+09
0.27E+09
0.27E+09
0.27E+09

0.17E+11

0.27Ee09

0.17E+11
0.17+11

0.17E+11
0.67+10

~- Svetyyer dosesem~
-

Total Body

9.5+001

1.3-001

1.1+000
1.7+000

1.3+090
6.7-002
2.2-002
4.4-002
4.7-003
6.5-004
3.1-004

2.3-004
2.4-003
6.2-005
1.1-006
2.2-006
3.5-007
2.4-006

Bone
1.3+002
4.5-002

2.8+001
2.8+001

2.1+001

1.7-001

7.2-001
1.8-001
7.6-002
1.0-002
7.5-003
3.6-003
2.2-003
1.1-004
3.3-005
1. 1-005
1.0-005
0.0

Lungs

0.0

0.0
0.0
0.0
0.0

2.1-002

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

C.O

0.0

0.0

0.0

ThYrO d-

0.0

9.8+001

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

61GT-LL1?-

0.0

6.8-003
.0.0
2.3+000
1.7+000

9.1+000

0.0

0.0
8.4-003
0.0

0.0
0.0

0.0

0.0

1.2-006
0.0
0.0

0.0

A.1& ;
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TABLE U.2.8. Seventy-Year Cumulative Dose ConMtmen (Maximum-Individual)
Expanded Sumary for Case GRT008W

Parametric Data

Release duration = l.OE+02; delay prior to release - 1.OE+00 yr;
ground-wter velocity 1.£SE-02 m/yr; ground-water patihlength a 1.50E+04 m;
ground-water travel time 1.0E+06 yr; dispersion coefficient = 5.3E-03 Z/yr.

tiucl ide
129k
99rc
226iRa

II234U

238%
I 21O~

235m

2 35u

231Pa

228Th
21%
232T

.224Ra
.228 mh
87w

Time After
Closure, yr

O.lOE+07

0.1OE+07
0.27E+09
0.27E+09
0.27E+09
0.27E+09
0.27E+09
0.2 7E+ 09
0.27E+09
0.27E+C9

0.27E+09
0.27E+09

0.l7E+1l
0.27E+09

0.17E+l1
O.17E+1l
0.17E+11

0.67E+10

Seventy-year dose, rem
lo0al Body

1.0+002
5.6+001

2.1+002
5.3+000
3.9+000
2.4+000
4.8-002
9.5-002

1.4-002

2.0-003
8.8-OW4

6.4-004
5.8-004

1.3-004
2.7-007
5.3-007

8.5-008
2.5-006

Bione
3.8+001
1.4+002
2.7+002
8.5+001
6.4+001
6.2+001
1.6+000
3.9-001
2.3-001
3.2-002
2.1-002
1.0-002
5.3-004
2.3-004
7.9-006
2.6-006
2.5-006
0.0

Lunas

0.0

1.8001
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Thyroid

8.2+004

0.0
0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0
0.0

0.0

0.0

61-LUI

5.74000

7.64003
0.0

7. 14000

5.2+000

0.0

0.0

0.0

2.5-002

0.0

0.0

0.0

0.0

0.0

3.0-007
0.0

0.0

0.0
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TABLE A.2.9. Seventy-Tear Cumulative Dose Convnitment (Maximum-Individual)
Expanded Summary for Case GRT009W

Parametric Data

Release duration t 1.OE+04; delay prior to release - 1.0E+00 yr;
- ground-water velocity = 1.SE-02 mlyr; ground-water pathlength - 1.50E+04 ;

ground-water travel time - 1.OE+06 yr; dispersion coefficient = 5.3E-03 mf /yr.

. ucl ide
129,

226ita
234U
238U
210pb

235uh

236iu
I231Pa

227AC
228Ra

1232Th

228Th
8 7Rb

Time After
Closure, yr

O.10E*07

0. 1E+07

0.27E*09

0.27EX09

0.27E+09

0.2XE+09

0. 27E+09

0.2XE409

0.27E+09

0. 27E+09

0.27E+09

0.27E+09

0.17E+11

0.27E+09

0.17E+11

O.IXE+11

0.17E+11

0.67E+10

Seventy-year dose, rem
Total Body

1.3+001
6.7+000
2.1+002
5.3+000
3.9+000

2.4+000

4.8-002
9.5-002
1.4-002
2.0-003
8.8-004

6.4-004

6.1-004

1.3-004

2.9-007

5.5-007

8.9-008

2.5-006

Bone

4.5+000

1.7+001

2.7+002

8.5+001

6.4+001

6.2+001

1.6+D00

3.9-0I0

2.3-001

3.2-002

2.1-002

1.0-002

5.5-004

2.3-004

8.3-006

2.8-006
2.6-006

0.0 .

Lungs

0.0

2.1+000

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Thyroid

9.8+003

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

GI-LI -
6.8-001

9.1+002
0.0

7.1+000

5.2+000

0.0

0.0

0.0

2.5-002

0.0

0.0

0.0

0.0

0.0

3.1-007

0.0:

0.0

0.0

A.20
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TABLE A.2.10. Seventy-Year Cmuulative Dose Commiitment (Maximum-Individual)
Expanded Swwmary for Case GRT010U

Paremetric Data

Release duration - 1.OE*02; delay prior to release - 1.OE+00 yr;
ground-water velocity = 2.00E+00 r/yr; ground-water pathlength - l.00E+02 m;
ground-water travel time = 5.OE+01 yr; dispersion coefficient a 2.6E+00 mWlyr.

tNucl Ide
14C
99fc
1291
234U
237HP

- 238U

236U

242pu
226Ra
159wœ
229Th
225Ra
210pb

-233U
239PU

126Sn

235u

240pu

7 9Se

Time After
Closure, yr

0.53E+02
0.53E 02
0.53E 02

0.14E+05

0.33E+05
0.14E+05

0.14E+05

0. 1 E+06
0.33E+o5

0.33E405

0.33E+05
0.33E+05

0.33E.05
0 3 3E+ 05

O.IOE+06
0.17E+06
0.14E+05

0. 53E+02

0.10+06
0.4 2E.04

Seventy-year dose, rem
Total Body

5.94005

1.7004
1.3+003

1.7.004

2.4+003
2.4+003

2.3+003

3.6.002
4.1.003
6.8+002

1.3+002

3.3+002
4.9+001

3.24001

1.4+001
6.3+000
1.0+001
1.4+002

3.3+000
4.7+004

Bone

2.9+006

4.3+004

4.7.002

2.7+005

5.5+004

3.9+004

3.6+004

7.5+003

5.4+003

4.1+003

2.6+003

1.6+003

1.2.003

5.2+002

3.0+002

2.2+002

1.6+002

0.0

7.1.001

0.0

Lungs

5.9+005

5.4+003

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.4+002

0.0

0.0

5.9+005

0.0

1.0.006
0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
1.3+000
0.0
1.4+002

0.0

0.0

EI-LLI

5.9+005

2.3+006

7.1+001

2.2+004
0.0

3.2+003

0.0

2.0+003

0.0

0.0

0.0

0.0

0.0
0.0

7.6+001
0.0
1.8+001
1.4+002

1.8+001
0.0

. .

. . .

-- - . :.

.

. . . .

s .

.:
. .

. .

. . . . .

- . - .
:

. .
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TABLE A.2.11. Seventy-Year Cumlative Dose Contitmnent (Naxinnn-!ndlvidual)
Expanded Smunary for Case GRTOIIW

Parametric Data

Release duration = 1.OE+04; delay prior to release - 1.OE+00 yr;
ground-water velocity - 2.OOE+0O m/yr; ground-water pathlength = l.OOE+022un;
ground-water travel time = 5.OE+O1 yr; dispersion coefficient 2.6E+O0 in/yr.

Time After
Nuclide Closure,, yr

14C 0.53E+02
99Irc 0.53E+02
234U .SE0

0.15E+05
1237Kp 05E

0.35E405

236I 0.15E+025
23%a 0.35E+05

Th 0.35E4-05

21O~ 0.35E4-05
238U O3E0

s9I~ O.15E+05
122Sn 0.35E+05

Pu O.HOE+06
0.35Ee05

233U 0.35E405

23S.i 0.35E+05
126 .2E0

Seventy-year dose, rem
iotal BOO
5.9+003
1.7+002
9.9+002
4.5+002

1.3+001
4.7+003

1.4+002

1.4+002

1.3+002
3.6+002

7.6+001

5.6+001

3.9+001
9.0+001

3.7+000
3.3+000

1.1+000

6.7-001
5.5-001
5.6+002

Sone
2.9+004
4.3+002

1.6+004

1.0+004
4.7+000

6.2+003

2.8+003

2.2+003
2.2+003
1.8+003

1.6+003

1.4+003
6.3+002

5.3+002
1.3+002
7.1+001
3.7+001

1.4+001

9.1+000
0.0

Lungs
5.9+003

5.4+001
0.0

0.0

0.0
0.0

0.0

0.0
0.0
0.0

0.0

c.0

0.0

0.0
0.0
0.0

. 0.0

0.0

0.0

0.0

Iyrol

5.9+0c

0.0

0.0

0.0

1.0+0C
0.0

0.0
0.0
0.0

0.0

0.0

0.0
0.0

0.0
7.6-oC
0.0

0.0

0.0
* 0.0

0.0

id UI-LLI

13 5.9+003

2.3+004
1.3+003

0.0
N4 7.1-001

0.0

0.0
0.0
1.8+002
0.0

4.2+002

0.0
0.0
0.0

D1 0.0
1.8+001
0.0
3.8+000

1.0+000
0.0

A.22
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TABLE A.2.12. Seventy-Year Cunulative Dose Conitment (Kaximin-Individual)
Expanded Suminary for Case GRTM12Y

Parametric Dta

Release duration - 1.0E*06; delay prior to release = 1.OE+00 yr;
ground-water velocity - 2.00E+00 m/yr; ground-water pathlength - 1.OE+02 1;
ground-water travel time = 5.OE+01 yr; dispersion coefficient g 2.6E+00 me/yr.

Tiuc
Nucl ide C1 ost

226Ra 0.1

229rh 0.61
14C 0-5
2 25Ra O.6X
99Tc 0.53
234, 0.1'

21Opb .0.1

23P °0. 3!
129i 0.53

0.6
23% 0.54
242pu 0.1i
23% 0.61
59Nj 0.3!
230 h 0.1i
239P 0.1
126Sn 0.1i

10.1
210po Ol

0.2!
.79S9Se 0.61

!After
ire, yr

FE.06
TE.06
IE.02
PE. 06

!E.02
X+05

FE.06
Z.05

IE+02
FE406

SE+05
TE. 06
)E.05
X.05

FE+06
?E.06

?E.06
IE+06
;E+07
OE,05

Seventy-year dose, rem
Total Body
3.9+002
2.0+001
5.9+001

5.2+001
1.7+000
9.9+000
4.6+000

4.6+000

1.3-001
5.7+000

2.0+000

1.3+000

1.3+000
9.0-001

8.7-002
7. 1-002
4 .1-002

1.8-001

1.7-001
6.0+000

Bone
5.1+002
4.1+002

-2.9+002

2.6+002

4.4+000

1.6+002

1.2+002
1.0+002
4.7-002

9.3+001

3.2+001
2.7+001

2.2+001
5.3+000

2.9+000
1.5+000

1.4+000
7.4-001
-4.3-001

0.0

Lungs
0.0

0.0

5.94001
0.0

5.4-001

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4.5-002
0.0

iTYrold
0.0

0.0

5.9+001
0.0

0.0
0.0
0.0

0.0

1.0+002
0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.3-003

0.0

0.0

0.0

0.-0L
0.0
0.0
5.9+001
0.0

2.3+002

1.3+001
0.0

0.0

-7.1-003
0.0

0.0
7.4+000
1.8+000
0.0

0.0
3.9-001

0.0
0.0

0.0
0.0

A.23
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REFERENCE BASALT SITE EXPANDED DOSE SUMMARY TABLES

8.1 SUMMARY TABLES FOR GENERAL LEACH INCIDENT SCENARIOS

The following tables are expanded summaries of the consequence calcula-

tions for the basalt site parametric sets. These tables list the nuclides in

descending order of dose commitment to a critical organ, along with the asso-

ciated total body dose and time of maximum dose occurrence. Tables B.1.1

through 8.1.8 contain the results for the general leach-incident scenario.

All tables are arbitrarily cut off at the 20 most dose-significant (to criti-

cal organ) nuclides in order to save space. Very little information is lost

since generally only a few isotopes dominate the dose and all others are

orders of magnitude less significant. In several cases, 79Se is shown as

the twentieth nuclide due to its strong contribution to the Ototal body" dose

even though It is insignificant as a critical-organ dose contributor.

B .1



TABLE 6.1.1. Seventy-Year Cumulative Dose Commitment (Kaximum-Individual)
Expanded Sumary for Case BSTOO16

Parametric Data

Release duration = l.OE+02 yr; delay prior to release -. OE+00 yr;
ground-water velocity t 3.11E+01 m/yr; ground-water pathlength 1.6E+04 m-
ground-water travel time ; 5.OE'02 yr; dispersion coefficient =3.E+01 unqyr.

Nuclide
14 c

243A
23 7Np

129i

99 Tc
2 34u

238U

236U
24 2 pu
226Ra
2 29 7h
2 2 5Ra

245Cm

241Am

.210p
1 2 6Sn
2 33 U

210po

59Ni
230Th

Time After
Closure, yr

0.52E+03
0.32E+05
0.26E+05
0.26E+05
0.52E+05
0.52E+O5
0.52E+05
0.52E+05
0.30E+06
0.78E+05
0.32E+05
0.32E+05
0.52E+05
0.52E+05
0.78E+05
0.52E+06
-0.32E+05
0.78E+05
0.26E+06

Seventy- ear dose, r
Lungs VTMMOtal Boo

1.4+001
1.6+000

1.6+000

2.1-002

7.7-002

5.7-001

1.2-001

8.4-002
1.5-002

1.5-001
9.5-003

2.2-002
3.9-003
3.2-003

8.2-004
3.4-003

8.7-004
3.3-003
1.9-003

2.9-004

I Bone

7.2+001 1.4+001
3.2+001 3.2-001
2.4+001 5.6-001
1.2-002 7.2-003
1.9-001 2.4-002
9.1+000 2.7-003
1.6+000 2.7-002
1.3+000 1.2-005
3.1-001 4.2-005
1.9-001 2.1-004
1.8-001 8.4-004
1.1-001 0.0
f.2-002 5.7-004
7.7-002 1.1-004
2.1-002 1.2-007
1.6-002 3.0-003
1.4-002 3.1-006
1.4-002 1.4-011
1.2-002 6.3-008

9.8-003 6.9-007

1.4+001
3.2-001

5.6-001
1.1+001

S.8-007

2.7-003

2.7-002
1.2-005
4.2-005

2.1-004

8.4-004

0.0
5.7-004
1.1-004

1.2-007
3.1-003
3.1-006
1.4-011

6.3-008

6.9-007

1.4+001
3.2-001

5.6-001
7.9-003

1.0+001
7.6-001
1.5-001

1.2-005
8.2-002

2.1-004

8.4-004

0.0
5.7-004
6.6-003

1.2-007
3.0-003

3.1-006
1.4-011
6.3-008

6.9-0070.78E+05

6.2



TABLE B.1.2. Seventy-Tear Cumulatlve Dose Conmmitment (Maximum-Individual)
Expanded Summary for Case BST002G

Parametric Data

Release duration - .OE+06 yr; delay prior to release = 1.OE+02 yr;
ground-water velocity - 3.11E+01 mnyr; ground-water pathlength a 1.6E+04 ;
ground-water travel time c 5.0E+02 yr; dispersion coefficient a 3.7E+01 mz/yr.

-uclide

2 2 9Th
22 6 Ra
2 2 5Ra

243Am

' 23 7Hp

14 c

99Tc
2 3 4 u

1291
2 3 3 u

2 1 0 Pb
210po

236U
2 30 Th

238u
242 PU

225AC
12 6 Sn

135Cs
245~

Time After
Closure, yr

0.52E406

0.26E406

0.52E(06

0.33E+05

0.26E+05

0.52E+03

0.53E 05

0.53E+05

0.53E(05

0.52E+06

0.26E+06

0.26E+06

0.78E+05

0.26E+06

0.53E+05

0.40E+06

0.52E+06

0.52E(06

0.44E+07

0.53E+05

Total Body
Seventy-year dose, rem
Bone Lungs Thyroid Tr-L

1.7-003 3.2-002 1.5-O4 1.5-004 1.5-004
1.6-002 2.1-002 2.3-005 2.3-005 2.3-005

4.0-003 2.d-002 0.0 0.0 0.0
5.0G-04 1.0-002 1.0-009 1.0-004 1.0-004

5.8-O04 &.8-003 2.0-004 2.0-004 2.0-004
1.4-003 7.2-003 1.4-003 1.4-003 1.4-003

3.9-005 9.6-OO5 1.2-005 2.9-010 5.2-003
3.1-004 5.0-003 1.5-006 1.5-006 4.1-004
5.4-006 3.1-006 1.9-006 2.8-003 2.1-006
1.6-004 2.5-OG3 5.6-007 5.6-007 5.6-007
9.1-005 2.3-003 1.3-008 1.3-008 1.3-008
3.6-004 1.5-003 1.6-012 1.6-012 1.6-012
6.7-005 1.1-003 9.4-009 9.4-O09 9.4-009
2.4-005 8.1-004 5.7-008 5.7-008 5.7-008
6.1-005 8.0-004 1.4-005 1.4-005 7.8-005
3.7-005 7.7-004 1.1-007 1.1-007 2.1-004
1.1-D04 1.5-004 1.1-004 1.1-004 1.1-004
1.6-005 7.7-005 1.4-005 1.5-005 1.4-005
2.0-005 4.8-005 5.0-006 9.9-013 9.9-013

1.9-D06 3.9-005'- 2.7-007 2.7-007 2.7-007

B .3
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TABLE B.1.3. Seventy-Tear Cumulative Dose Commitment (Iahximum-Individual)
Expanded Sunmary for Case BST003G

,- - Parametric Data

7

i

Release duration a 1.OE+06 yr; delay prior to release r 1.OE+06 yr;
ground-water velocity a 3.11E+01 q/yr; ground-water pathlength = 1.6E+04 ;
ground-water travel time = 5.OE402 yr; dispersion coefficient = 3.7E+01 m/yr.

Time After
Nuclide Closure, yr

226Ra 0.13E+07
237Np 0.11E+07
129i 0.1E02I *.IE+07
233U OOIlE+07

229 Th O.1E4-07
225R ' ll 75Ra 0.11E4-07
234U0.1 07

6U O.11E407

210pb 0.13Ei07
238U 0.11E+07

210,0 0.13E407
230Th 0.13E+07

9Tc 0.11(E07
242pu 0.14E+07
235U 0.11E407

C35Cs 0.54E+07
227AC 0.15E+07
231pa 0.15E,07
228Ra 0.21E(07

225Ac 0.11(E07

Seventy-year dose, rem
Total Body Bone Lungs Thyroid

6.6-003 8.7-003 9.6-006 9.6-00(

3.9-C04 6.0-003 1.4-004 1.4-00N

5.2-006 3.0-006 1.8-006 2.7-00:

1.5-004 2.4-003 5.3-007 5.3-00;

1.2-004 2.2-003 1.0-005 1.0-00!

2.7-004 1.4-003 0.0 0.0

7.5-005 1.2-003 3.5-007 3.5-00,

6.4-005 1.0-003 9.1-00 9.1-00

3.7-005 9.5-O4 5.3-009 5.3-00'

6.1-005 8.0-004 1.4-005 1.4-005
1.5-004 6.1-004 6.4-013 6.4-01"

1.1-005 3.5-004 2.5-008 2.5-0M

1.4-006 3.6-006 4.5-007 1.1-0l1

6.0-006 1.2-004 1.7-008 1.7-00

8.9-006 7.6-005 4.5-006 4.5-005

1.6-005 3.8-005 4.0-006 7.9-01;

2.3-006 3.3-005 2.0-007 2.0-00O

1.1-006 1.7-005 4.0-007 4.0-0W0

1.3-005 1.2-005 5.8-009 5.8-0M

-7.6-006 9.8-006 7.4-006 7.4-0D

5.4

i

I

I

I

6I-UIJ

9.6-006

1.4-004

2.0-006

5.3-007
1.0-05

0.0

-1.0-04

9.1-009

5.3-009

7.8-005
6.4-013
2.5-OOB

1.9-004,

3.3-005

1.2W005

7.9-013
2.0-007
4.0-007
5.8-009

7.4-006



TABLE 6.1.4. Sevesty-Tear Cwuulative Dose Cosmitment (Maximum-Individual)
Expacded Sumiary for Case BSTO04S

Parametric Data

Release duration = LGE+02 yr; delay prior to release L 1.OE+06 yr;
ground-water velocity = 3.11E+01 mJyr; ground-water pathlength 1 l.6E.04 in;
ground-water travel tine = S.OE+02 yr; dispersion coefficient = 3.7E+01 - 2/yr.

NluclIide

.237h1p
129i
I233U
1234tj
236u
23%U

I - Tc
.. 235u

Time After Seventy-year dose,, I

I

22Th
~Ra

2'Ra
242p,
210pb
210ipo
230Th

22R a

7AC'

.Iosure. sr Total Body Bone Lungs

O.IOE+07 1.5+000 2.3+001 5.3001 !

O.1OE+07 2.0-002 1.2-002 6.9-003
0O.1E+07 2.6-001 4.3.000 9.5-OD4

O.U1E+07 1.5-001 2.4+000 7.0-004
O.n1Et07 1.3-001 2. 0000 1.B-005
0.11E+07 1.2-001 1.6+000 2.74-02
O.n1E+07 2.8-003 7.0-o03 8.8-0D4
0.11E+07 1.7-002 1.5-001 8.8-003
O.U E407 5.8-003 1.1-001 5.1-004
O.11E+07 5.6-002 7.3-002 8.1-005
0.llEe07 1.4-002 6.7-002 0.0
0.13E+07 2.5-003 5.1-M02 6.9-006
O.I1E+07 3.1-004 8.0-C03 4.5-o08
0.11E+07 1.2-003 5.1-003 5.4-012
0.11E+07 1.1-004 3.5-003 2.5-007
0.20E+07 1.2-003 1.1-003 5.4-007
-0.53E+07 4.0-004 9.7-004 1.0-004
0.20E+07 5.8-005 6.8-004 .2.7-006
0.11£+07 3.8-004 4.9-0O4. 3.7-OD4

0.U4+07 3.1-005 4.6-004 2.7-006

rem

5.3-001
1.0+001
9.5-004
7.0-004
1.8-005
2.7-002
2.1-008
8.8-003
5.1-004
8.1-005
0.0
6.9-006
4.5-008
5.4-012
2.5-007
5.4-007
2.0-011
2.7-006
3.1-004

2.7-006

w1-wLL

5.3-001
7.6-00 3
9.5-004
2.0-001
1.8-005
1.5-001

3.8-001
2.4-002
5.1-004
8.1-005
0.0
1.4-002
4.5-008
5.4-012
2.5-007

5.4-007
2.0-011
2.7-006
3.7-004

2.7-006

. .

. . . . .

.

. . .
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TABLE B.1.5. Seventy-Tear Cumulative Dose Commitment (Kaximum-Individual)
Expanded Summary for Case BSTO05G

Parametric Data

Release duration = 1.OE+02 yr; delay prior to release a l.OE+06 yr;
ground-water velocity - 1.60E-OQ s/yr; ground-water pathlength D 3.22E+04 a;
ground-water travel time a-2.0E+06 yr; dispersion coefficient * 7.4E-04 M2 /yT.

Time After
Huclide Closure, yr TMtTi

a 0.20E+09 1.5

U 0.20E409 8.3
3  0.20E+09 8.2
210Pb 0.20E409 8.2

21 0.20E+09 3.3
I -O.1OE+09 1.9
-U :0.20E+09 1.0

- Qh 0.20E+09 2.5
Z 7 Ac 0.20E+M9 1.3
231Pa 0.20E+9 6.3

a 0.20E+09 2.3

220a 0.40E+10 7.2
232Th 0.40E+10 8.9
Z 4Ra 0.40E+10 1.4
22Th 0.40£+10 2.4

B210B 0.20E+09+ 4
Np O.lOE+09 1.1

87Rb 0.40E+10 2.4
233U O.1OE+09 2.9

229Th 0.10E+09 M

Seventy-year dose, rem
1 BOaY Bone LUR9S Thyrod 61-LL

-002

3-004
-004

5;00604"

3-006
-006
I-00

-009
4-008

6-009
1 -016

4-009

'-018

3_018

1.09-002 2.1-005 2.1-005 2.1-005
1.3-002

1.1-002

2.1-003
1.4-003

1.1-006

3.9-006

1.9-004
1.2-00B
1.4-012

6.4-007

3.9-006

1.9-OD4
1.2-008
1.4-012
9.5-004

8.1-004 5.2-005 5.2-M00
8.3-004 5.8-00B 5.8-008
1.9-004 1.1-006 1.1-006
9.17-O5 2.3-006 2.3-006
3.7-005 3.2-010 3.2-010
6.5-006 3.2-009 3.2-009
1.5-007 3.8-009 3.8-009
6.8-008 1.0-011 1.0-011
4.7-008 8.5-010 8.5-010
8.0-009 7.5-012 7.5-012
1.6-015 3.7-017 3.7-017
2.8-016 2.8-016 2.8-016
4.7-017. 1.0-020 1.0-020

2.4-017 1.1-019 1.1-019

8.6.

1.1-003
1.0-003
1.2-008
1.4-012
7.1-007

1.4-004
5.8-008
1.1-006
2.3-006

3.2-010
3.2-009

9.3-009
1.0-011

8.5-010
7.5-012

3.7-017
2.8-016
1.0-020

1.1-019

e
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TABLE B.1.6. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Summary for Case BST006G

Parametric Data

Release duration 1.C¶+06 yr; deiay prior to release L.OE+06 yr;
ground-water velocity 1.60E-02 moyr; ground-water pathlength 3.22E+04 m;
ground-water travel time = 2.0E+06 yr; dispersion coefficient 7.4E-04 W2/yr.

Time After _ , Seventy-year dose, rem
Nuclide Closure. yr Total Ioay

226Ra 0.20E'09 2.9-003
234U 0.20E+09 6.0-005
238u 0.20E+09 5.9-005

210Pb 0.20E+09 1.6-005
2i0po 0.20E+09 6.5-005

230Th 0.20E+09 4.6-006

U 0.20E+09 7.2-006

129i 0.1OE+09 6.7-008

2 7 AC 0.20E+09 1.7-006
231Pa 0.20E+09 8.2-007
2"8Ra 0.40E+10 9.4-006

U 0.20E+09 1.6-007
232Th 0.40E+10 1.2-00B

224Ra 0.40E+10 1.8-008

2.40E+10 3.2-O09
21081 0.20E+09 9.2-010

87Rb 0.40E+10 2.1-009
23 7 Hp 0.10E+09 3.7-018

233U O.lOE+09 2.6-019

p 9 Th 0.1OE+09 1.7-019

I Bone Lungs _ Thyroid SI-a I

3.9-003 4.3-006 4.3-006 4.3-006
9.5-004 2.8-007 2.8-007 7.9-005
7.6-004 1.3-005 1.3-C05 7.4-005
4.2-004 2.4-009 2.4-009 2.4-009
2.7-004 2.8-013 2.8-013 2.8-013
1.5-004 1.1-008 1.1-008 1.1-08
6.2-005 3.7-006 3.7-006 1.0-005
3.9-008 2.3-008 3.4-005 2.5-008
2.5-005 1.4-007 1.4-007 1.4-007
1.3-005 3.0-007 3.0-007 3.0-007
8.6-006 4.2-009 4.2-009 4.2-009
2.6-006 2.3-011 2.3-011 2.3-011
2.0-007 5.0-009 5.0-009 1.2-008
9.0-008 1.3-011 1.3-011 1.3-011
6.2-008 1.1-002 1.1-009 1.1-009
1.6-0O9 1.5-012 1.5-012 1.5-012
2.5-016 2.5-016 2.5-016 2.5-016
5.6-017 1.3-018 1.3-018 1.3-018
4.2-018 9.2-022 9.2-022 9.2-022

3.2-018 1.5-020 1.5-020 1.5-020

8. 7



TABLE B.1.7. Seventy-Tear Cumulative Dose Commitment (Maximum-Individual)
Expanded Summary for Case BST007G

arametric Data

Release duration = 1.0E+06 yr; delay prior to release 1 l.OE+00 yr;
.round-water velocity = 1.60E-02 u/yr; ground-water pathlength t 3.22E+04 m;
;round-water travel time - 2.0E+06 yr; dispersion coefficient 7.4E-04 o2 /yr.

Nuclide
Time After

Closure. yr
Seventy-year dose, rem

Total Body, Boue Lungs Thyroid 61-LI

ff"PRa 0.20E+09 2.9-303

U 0.20E+Cq 6.0-005

23 0.20E+09 5.9-005
210pb 0.20E+09 1.6-005

21o0 0.20E+09 6.5-005
230Th 0.20E09 4.6-006

129k 0.1OE+09 6.9-008

0.20E+09 3.6-D07
221a 3.40E+1 3.3-006

2 O.20E+09 1.7-007
2 7^C 0.20E+09 8.3-008

231Pa 0.20E+09 4.0-00a
23 Th 0.40E+10 4.1-0
224Ra 0.40E+10 6.3-09

0.40E+10 1.1-0
2106 j 0.20E+09 9.2-010
87Rb 0.40E+10 2.1-0
237Np 0.1OE+09 -5.0-018
229Th O.lOE40 3.9-018

225Ra O.1OE+09 9.2-018

3.9-003

9.5-004

7.6-OC4

4.2-004
2.7-004

1.5-004
4.0-008

3.1-006

3.0-006

2.7-006
1.2-006

6.3-007

6.9-008

3.1-008

2.2-008

1.6-009

2.5-016
7.6-017

7.3-017

4.6-017

4.3-006

2.8-007

1.3-0

2.4-009
2.8-013

1.1-0
2.4-008

1.8-07

1.4-009

2.3-011
7.1-009

1.5-008
1.8-009
4.6-012

3.9-010
1.5-012

2.5-016

1.8-018

3.I019

0.0

4.3-O06

2.8-007

1.3-005
2.4-OD9

2.8-013

1.1-008

3.5-C 5

1.8-047

1.4-009

2.3-011

7.1-009

1.5-008
1.8-O09

4.6-012

3.9-01n
1.5-012
2.5-016

1.8-018

3.5-019

'0.0

4.3-006

7.9-005

7.4-0O5
2.4-009
2.8-013

-1.1-0

2.6-008

5.0-007

1.4-O09

2.3-011

7.1-009

1.5-008
4.3-009

4.6-012

3.9-010
1.5-012

-2.5-016

1.8-018

3.5-019

0.0
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TABLE B.1.8. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)

Expanded Sunmary for Case BSTOO8G

Parametric Data

Release duration = 1.OE+02 yr; delay prior to release = 1.0E+00 yr;
ground-water velocity = 1.60E-02 m/yr; ground-water pathlength - 3.22E+04 m;
ground-water travel time - 2.OE+06 yr; dispersion coefficient - 7.4E-04 m2/yr.

,huclide

22SRa
23 4u

239u

2pb21Db
ao

312

235U
230Th

221Ac
231pa
236 U
228Ra

232Th
22 4Ra

2Um
21%i
237"p
87

233w

21Th

Time After
Closure, yr

0.20E+09

0.20E+09

0.20E+09

0.20E+09

0.20E+09
0. 1OE+09

0.20E+09

0.20E+09

0.20E+09
0.20E+09

0.20E+09

0.40E+10

0.40Ee10

0.40E+10
0.40E+10

0.20E+09

0.10E+09
0.40E+10

O. lOE+09

0.10E+09

Seventy-year dose, rem
Total Body

1.5-002

8.3-004

8.2-004

8.2-005

3.3-004

1.9-006

1.0-004

2.5-OOS

1.3-005

6.3-006

2.3-006

7.2-006

8.9-009

1.4-008

2.4-009

4.6-009

1.1-016

2.4-009

2.9-018

1.3-018

Bone Lungs Thyroid 61-LLI

1.9-002

1.3-002
1.1-002

2.1-403
1.4-003

1.1-006

8.7-OC4

8.3-004
1.9-004

9.7-005
3.7-005

6.5-006
1.5-007

6.8-008
4.7-008
8.0-009

1.6-015

2.8-016
4.7-017

2.4-017

2.1-005 2.1-005
3.9-006 3.9-006
1.9-004 1.9-W4
1.2-008 1.2-008
1.4-012 1.4-012
6.4-007 9.5-004

5.2-005 5.2-005
5.8-008 5.8-008
1.1-0O6 1.1-006
2.3-006 2.3-006
3.2-010 3.2-010
3.2-009 3.2-009
3.8-009 3.8-009
1.0-011 1.0-011
8.5-010 8.5-010
7.5-012 7.5-012
3.7-017 3.7-017
2.8-016 2.8-016

1.0-e2m 1.0-020

1.1-019 1.1-0i9

2.1-00S

I *1-003

1.0-003

1.2-008
1.4-012

7.1-007
1.4-004
5.8-008
1.1-006
2.3-006
3.2-010
3.2-009
9.3-009
1.0-011

8.5-010
7.5-012
3.7-017
2.9-016

1.0-020

1.1-019

'

, .

-. .

-. .: .- :

- . . .
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.. . . .. :
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B.2 SUW9ARY TABLES FOR INTRUSION WATER VELL SCENARIO IN BASALT

The following tables are expanded sunaries of the consequence calcula-

tions for the Intrusion water well scenario. The muclides are listed in

decreasing dose commitment to critical organs, along with the associated total

body dose coamitment and time of peak dose occurrence. All tables are arbi-

trarily cut off at the 20 most dose-significant isotopes in order to save

space. Very little Information is lost sitce generally only a few isotopes

dominate the .ose and all others are orders of magnitude less significant. In

several cases, 79Se Is shown as the twentieti nuclide due to Its strong con-

tribution to the *total body dose, even though it is Insignificant as a

critical organ dose contributor.
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TABLE 8.2.1. Seventy-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Sumary for Case GST01IW

Parametric Data

Release duration = 1.OE+02 yr; delay prior to release - 1.OE+OD yr;
ground-water velocity = 3.11E401 mlyr; ground-water pathlength 1.60Et04 m;
ground-water travel time = 5.0E+02 yr; dispersion coefficient 3.7E+01 m2/yr.

Time After Seventy-year dose, rec
Nuclide Closure, yr Iota1Body _

C 0.52E+03 5.4+005 2.7+0
129 0.26E+05 5.0'002 1.840
9Tc 0.52E+05 2.9+003 7.2*0
23Kp 0.26E+05 1.3+004 2.8O

U 0.52E+05 1.7+D04 2.7+0
143A 0.32E+05 6.6+003 1.7+0

238U 0.52E+05 2.64+003 4.3+0
2 .52E40 2.5+003 4.040
242Pu 0.30E+06 3.5+002 7.2+0

2 6 Ra 0.78E+05 2.1+003 2.7+0
229Th 0.32E+05 9.2+001 1.9+O
225Ra 0.32E+05 2.4+002 1.2+0

?10Pb 0.78E+05 2.4+001 6.2+0
245m 0.52E+05 2.0+001 4.8+0
23 U 0.32E+05 2.6+001 4.2+C
241,- 0.52E+05 1.6+001 4.0+C

O94a 0.26E+06 5.2+001 3.1+0
U 0.52E+05 -1.1+001 1.7+0

23OTh 0. 78E+05 3.1+000 l.o+a
7Se 0.78E+05 6.4+003 0.0

Lungs Ihyrola b6-LLI

06 5.4+005 5.4+005 5.4+005

02 0.0 3.9*005 2.7+001
03 9.14002 0.0 3.9+005
05 0.0 0.0 0.0
05 0.0 0.0 ; 2.2+004
05 0.0 0.0 0.0
04 0.0 0.0 3.5+003

04 0.0 0.0 0.0

03 0.0 0.0 19WO03W
03 0.0 0.0 0.0
03 0.0 0.0 0.0
03 0.0 0.0 0.0
02 0.0 0.0 0.0
02 0.0 0.0 0.0
02 0.0 0.0 0.0
02 0.0 0.0 3.4+001
I02 0.0 0.0 0.0
D02 0.0 0.0 1.9*001
02 0.0 0.0 0.0

0.0 0.0 0.0

.. .. :, .7



TABLE B.2.2. Severty-Year Cumulative Dose Commitment (Maximum-Individual)
Expanded Summary for Case BST002W

Parametric Data

Release duration 1.OE+06 yr; delay prior to release L.OE402 yr;
ground-water velocity a 3.11E+01 m/yr; ground-water pathlength = 1.60E404 m;ground-water travel time a 5.OE+02 yr; dispersion coefficient = 3.7E401 m2/yr.

Time After
Naclito C -p-.. pr

9Th

~Ra
14c

~Ra~

~Tc
234u
129i
237 p
233U
210P
243k
236~

238L
242P1
230ITt

210po

.239p,

' 3Cs

0O5E.0

0.26E.06
O.S2E403

0.52E.06

0.53E405

0.53E405

0.53E'05

O0.26E405
0.52E406

0.26E.06
0.33Ee05

0. 78E.05

0.53E405

0.40Ee06

0.26E+06
0.26E406
0.26E406
0.53E405

0.44E407

Total Body

1.7+001
2.3+002

5.4+001
4.3+001

1.5+000

9.2+000
1.3-001
4.5+000

4.6+000

2.7+000

2.1+000
2.0+000

1.3+000
8.8-001
2.6-001
1.3-001
1.0-001
1.7-002

1.1+001

Seventy-year dose, rem
Bone Lungs Thyroid

3.4+002 0.0 0.0
3.0.002 0.0 0.0
2.7+002 5.4+001 5.4+001
2.2+002 0.0 0.0
3.7+000 4.6-001 0.0

1.5+002 0.0 0.0
4.7-002 0.0 1.0*002

61-L_

0.0

0.0
5.4+001

0.0
2.0+002

1.2+001
7.1-003

1.0+002

7.5+001

6.8+001

5.2+001

3.2+001

2.2+001

1.8+001

8.6+000

7.5-001

4.3-001
3.7-001

2.8+001

0.0

0.0
0.0

0.0

0.0

0.0
0.0

0.0
0.0

0.0

0.0
2.9-002

0.0

0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0

0.0
*0.0

0.0

0.0

I0.0

0.0
0.0
1.8+000
4.9+000

0.0

0.0

0.0

9.4-002

0.0

0.0

0.0 . :.

2450m 0.53E405 9.3-003 2.2-001 0.0 0.0

S7 9 e 0.12E+06 3.2+000 0.0 0.0 0.0

1B 12,



TABLE B.2.3. Seventy-Year Cumulative Dose Comuitment (Maximum-Individual)
Expanded Summary for Case BST003W

Parametric Data

Release duration = L.OE+06 yr; delay prior to release = 1.0E+06 yr;
ground-water velocity - 3.11E+01 m/yr; ground-water pathlength 1.60E+04 o;
ground-water travel time = 5.0E+02 yr; dispersion coefficient = 3.7E+01 m2/yr.

Time After Seventy-year dose, rem
Nuclide Closure, yr Total Body Bone Lungs Thyroid 6I-LL

Ra 0.13E+07 9.3+001 1.2+002 0.0 0.0 0.0
I 0.11E+07 1.3-OQ1 4.5-002 0.0 9.8+001 6.8-003

233U - .11E+07 4.4+000 7.1+001 0.0 0.0 0.0
2Np O.11E+07 3.1+000 7.0+001 0.0 0.0 0.0
234U O.11E+07 2.2+000 3.5+001 0.0 0.0 2.9+000
23iU O.IlE+07 1.9+000 3.0+001 0.0 0.0 0.0
&OPb 0.13E+07 1.1+000 2.8+001 0.0 0.0 0.0
2Th 0.11E+07 1.1+000 2.3+001 0.0 0.0 0.0

-O.1E+07 1.3+000 2.2+001 0.0 0.0 1.8+000
225Ra O.11E+07 2.9+000 1.4+001 0.0 0.0 0.0
99Tc 0.11E+07 5.5-002 1.4-001 1.7-002 0.0 7.4+000
23Dh 0.13E+07 1.1-001 3.7+000 0.0 0.0 0.0
242pu 0.14E.07 1.4-001 2.9+000 0.0 0.0 7.8-001
235U 0.11E+07 1.2-001 2.0+000 0.0 0.0 2.2-001
23Pa 0.15E+07 1.6-002 3.9-001 0.0 0.0 0.0
135Cs 0.54E+07 9.0-002 2.2-001 2.3-002 0.0 0.0

Ac 0.15E+07 1.2-002 1.9-001 0.0 0.!) 0.0
2 0.13E+07 4.3-002 1.8-001 0.0 0.0 O.

-2Ra 0.21E+07 1.8-001 1.6-001 0.0 0.0 0.0
79Se 0.I1E+07 7.J-005 0.0 0.0 0.0 0.0

*1.1



TABLE 6.2.4. Seventy-Year Cumulative Oose Counitment (Maximum-Individual)
Expanded Summary for Case 8STOO4W

Parametric Data

Release duration = L.OE+02 yr; delay prior to release = 1.OE+06 yr;
ground-water velocity - 3.11E01 aIyr; ground-water pathlength = 1.60E+04 m;
ground-water travel time - 5.OE+02 yr; dispersion coefficient = 3.7E+01 m2/yr.

Tim& After QWPntWV1OAr tinco- VVM
Nuclide Closure. yr Total Body Bone Lungs Thyroid 61-U
129k 0.10(407 4.8+002 1.7+002 0.0 3.8+005 2.6+001
237Bp 0.10E+07 1.2+04 2.7+005 0.0 0.0 0.0
233J O.llE+07 7.803 1.3*005 0.0 0.0 0.0

2 0.11E+07 4.4+003 1.0D4 0.0 0.0 5.0*003
136U 0.11E+07 3.7+403 6A.804 0.0 0.0 0.0
230 .11E+07 2.6+-03 4.304 0.0 0.0 3.5+03
99Tc O.llE+OJ .1.00 2.7+002 3.3+001 0.0 1.4+00
235i O.1IE+07 2.4+002 3.9403 0.0 0.0 4.4+002
2 0.13E+07 5.7+001 1.24003 0.0 0.0 3.2+002
229Ih 0. 11E+07 5.&*01 1.1+003 0.0 0.0 0.0
226Ra 0.11E07 7.8+002 1.0U003 0.0 0.0 0.0
2252 0. 11E+07 1.4+002 7,24002 0.0 0.0 0.0
21Qpb 0.11E+07 9.2+000 2.4+002 0.0 0.0 0.0
23 01h :.IlE+07 1.1+000 3.7+001 0.0 0.0 0.0
228Ra 0.20E+07 1.6+001 1.5-001 0.0 0.0 0.0
135Cs 0.53E+07 2.3+000 5.6000 5.9-001 0.0 0.0

01a 0.lE+07 2.2-001 5.3+000 0.0 0.0 0.0
221AC 0.11E+07 1.6-001 2.6*000 0.0 0.0 0.0

Po O.11E+07 3.6-001 1.5+000 0.0 0.0 0.0
01Se 01E+07 1.5-001 0.0 0.0 0.0 0.0

-. . - .B-.1.:4
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TABLE 8.2.5. Seventy-Year Cumulative Dose Comnitment (Maximum-Individual)
Expanded Summary for Case BSTO05W

Parametric Data

Release duration LO.E+02 yr; delay prior to release L.OE+06 yr;
-ground-water velocity - 1.6E-02 mryr; ground-water pathlength - 3.22E+04 ;
ground-water travel time = 2.OE+06 yr; dispersion coefficient - 7.4E^04M r/yr.

Time After
Nuclide Closure, yr

Seventy-year dose, rem
1otal boay Bone Lungs Thyroid

U 0.20E409 2.4+001 3.9+002 0.0 0.0
2 0.20E+09 1.8+001 2.9+002 0.0 0.0

226Ra 0.20E409 2.1+002 2.7+002 0.0 0.0
210Pb 0.20E409 2.4+000 6.2+001 0.0 0.0

129I 0.10E4C9 4.5-002 1.6-002 0.0 3.5'001

235U 0.20E*09 1.4L000 2.3+001 0.0 0.0
230Th 0.20E+09 2.6-001 8.8+000 0.0 0.0

OPa 0.20E+09 9.3-002 2.2+000 0.0 0.0

236U 0.20Ee09 6.7-002 1.1+000 0.0 0.0

227Ac 0.20E+09 6.7-002 1.1+000 0.0 0.0
210Po 0.20E+09 9.5-002 3.9-001 0.0 0.0
228Ra 0.40E410 9.6-002 8.8-002 0.0 0.0

232Th 0.40E+10 4.5-005 1.3-003 0.0 0.0

224R 0.40E D 8.8-005 4.4-004 0.0 0.0

28Th 0.40E+10 1.4-005 4.1-004 0.0 0.0

Si 0.20E+09 1.3-004 2.3-004 0.0 0.0
237p 0.10E+00 8.4-013 1.9-011 0.0 0.0

Np 0.10E+09 8.6-014 1.4-012 0.0 0.0

O.1OE+09 81.2-014 215-013 0.0 0.0

2 5 Ra 0.10E+09 3.2-014 1.6-013 0.0 0.0

-. 15

61-LLI

3.2+001
2.4+001
0.0

0.0

2.4-003
2.6+000
0.0
0.0

0.0
0.0

0.0
0.0

4.9-005

0.0

0.0

0.0

0.0
0.0

.0.0
n n

i

1

I

i
I
I

i. Ii

I
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TABLE 8.2.6. Seventy-Year Cumulative Dose Cammitment (Kaximum-Individual)
Expanded Sunmary for Case BST006W

Parametric Data

Release duration L.OE+06 yr; delay prior to release l.OE406 yr;
ground-water velocity = 1.60E-02 m/yr; ground-water pathlength = 3.22E+04 o;
ground-water travel time c 2.OE+06 yr; dispersion coefficient a 7.4E-0C 2 /yr.

Time After Sei
tuclide Closure, yr Total Body Bar

Z Ra 0.20E.09 4.1+001 5.44
234U 0.20E409 1.7+000 2.8'

U 0.20E409 1.3+000 2.1
210Pb 0.20E+09 4.9-001 1.24

0.20E+09 1.0-001 1. 6
23 h 0.20E+09 4.8-002 1.64
129I O.lOE+09 1.6-003 5.8N

231pa 0.20E+09 1.2-002 2.9
227Ac 0.20E+09 8.8-003 1.4
2 2 0a 0.40E410 1.3-001 1.2.
210Po 0.20E+09 1.9-002 7.8
235U 0.20E+09 4.8-003 7.7
232Th 0.40E410 6.0-005 1.7.
224Ra 0.40E+10 1.1-004 5.&
22wh 0.40E+10 1.9-005 5.4-
210 BS 0.20Ee09 2.7-005 4.7.
237 p 0.1OE+09 2.9-014 6.5-

233U O.lOE+09 7.6-015 1.2.

229Th 0.1OE+09 1.6-015 3.3-
225Ra O.lOE409 4.2-015 2.1

8.16

tenty-year dose, rem
ne Lungs Thyroid 61-LUI

001 0.0 0.0 0.0

M01 0.0 0.0 2.3+00 -I

001 0.0 0.0 1.7+000

ml001 0.0 0.0 0.0

M000 0.0 0.0 1.8-001
iODO 0.0 0.0 0.0
-004 0.0 1.3+000 8.8-005

-001 0.0 0.0 0.0'
-001 0.0 0.0 0.0
.001 0.0 0.0 0.0
-002 0.0 0.0 0.0
-002 0.0 0.0 0.0
-003 0.0 0.0 6.5-005
-004 0.0 0.0 0.0
-004 0.0 0.0 0.0

-OD5 0.0 0.0 0.0

-013 0.0 0.0 0.0
-013 0.0 0.0 0.0
-014 0.0 0.0 0.0
-014 0.0 0.0 0.0

- .: . . .: -: .1K



TABLE 8.2.7. Seventy-Year Cuoulative Dose Commitment (Maximum-Indlvidual)
Expanded Summary for Case BST007W

Parametric Data

Release duration c 1.0E+06 yr; delay prior to release = L.0E+00 yr;
ground-water velocity = 1.6E-02 */yr; ground-water pathlength = 3.22E+04
ground-water travel time 2.0E+W6 yr; dispersion coefficient - 7.4E-04 Mk/r.

Time After Seventy-year dose, rem
Nuclide Closure, yr Total Body Bone Lungs Thyroid 61L

t6 Ra 0.20E+09 4.1+00i 5.4+001 0.0 0.0 0.0
234U 0.20E+09 1.7+000 2.8+001 0.0 0.0 2.3+000
238u 0.20E+09 1.3+000 2.1+001 0.0 0.0 1.7+000
210Pb 0.20E+09 4.9-001 1.2+001 0.0 0.0 0O.0
230Th 0.20E+09 4.8-002 1.6+000 0.0 0.0 0.0
l29I .1OE+409 1.7-003 6.0-004 0.0 1.3+000 9.0-005

235U 0.20E+09 5.0-003 8.2-002 0.0 0.0 9.0-003
2 0.20E+09 4.9-003 7.8-002 0.0 0.0 0.0+
- 0.20E+09 1.9-002 7.8-002 0.0 0.0 0.0

228Ra 0.^'E410 4.4-002 4.0-002 0.0 0.0 0.0
pa 0.20E+09 6.0-004 1.4-002 0.0 0.0 0.0

227Ac 0.20E+09 4.3-004 6.8-003 0.0Q 0.0 0.0
232Th 0.40E+10 2.1-005 6.0-004 0.0 0.0 2.3-005
224Ra 0.40E+10 4.0-005 2.0-004 0.0 0.0 0.0
22 h 0.40E+10 6.5-006 1.9-004 0.0 0.0 0.0
21081 0.20E+09 2.7-005 4.7-005 0.0 0.0 0.0

0.1OE+09 3.9-014 8.9-013 0.0 0.0 0.0
Th 0.10E+09 3.8-014 7.7-013 0.0 0.0 0.0

225Ra 0.1OE+09 9.8-m4 4.9-013 0.0 0.0 0.0

* 0.10E+09 1.-014 1.7-013 0.0 0.0 0.0

* '' . ', f' S 'd'''D' ' 0 '. -'- ' .' 'u '" .' V 'V.... ' 'fB.1? '' '



TABLE B.2.8. Seventy-Year Caumlative Dose Co itment (Maximum-Individual)
Expanded Summary for Case BSTOO5I

Parametric Data

Release duration a l.OE+02 yr; delay prior to release -. OE+00 yr;
ground-water velocity a 1.6E-02 slyr; ground-water pathlength c 3.22E+04
ground-water travel time = 2.0E+06 yr; dispersion coefficient = J.4E-04 meyr.

Time After Seventy-year dose, rem
HuclIde Closure, yr Total Body Bone Lungs Thjyrjld 6I-LLI
2Mu 0.20E+09 2.4+00I 3.9+002 0.0 0.0 3.2+001

2380.20E+09 .8+001 2.9+002 0.0 0.0 2.4+001

2Ra 0.20E+09 2.1+002 2.7+002 0.0 0.0 0.0
-2Pb 9.20E+09 2.4+000 6.2+001 0.0 0.0 0.0

I O.1OE+09 4.7-002 1.7-002 0.0 3.7+001 2.6-003
23Th 0.20E+09 2.6-001 8.8+000 0.0 0.0 0.0
2 0.20Ee09 6.7-o0e 1.1+000 0.0 0.0 0.0
U 0.20E+09 6.5-002 1.1+000 0.0 0.0 1.2-001

210po 0.20E+09 9.5-002 3.9-001 0.0 0.0 0.0
P1pa 0.20E+09 4.3-003 1.0-001 0.0 0.0 0.0

Z7Ac 0.20E+09 3.1-003 4.9-002 0.0 0.0 0.0
2 Ra 0.40E+10 3.6-oo3 3.2-003 0.0 0.0 0.0
21081 0.20E+09 1.3-004 2.3-004 0.0 0.0 0.0
232Th 0.40E+10 1.7-006 4.8-005 0.0 0.0 1.8-006
224Ra 0.40E+10 3.2-006 1.6-OD5 0.0 0.0 0.0
-22r h 0.40E+10 5.2-007 1.5-005 0.0 0.0 0.0
27Np O.lOE+09 1.2-012 2.6-011 0.0 0.0 0.0

T9Th O.lOE+09 4.4-013 9.0-012 0.0 0.0 0.0
22Ra O.1OE+09 1.1-012 5.6-012 0.0 0.0 0.0

O.1OE+09 1.2-013 1.9-012 0.0 0.0 0.0

~~~~~~~~~8.18?- ' 0 '..: , ' ",
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TABLE B.2.9. Seventy-Year Cumulative Dose Commitment (Iaxlimu-Individual)
Expanded Summary for Case BST09W

Parametric Data

Release duration = 1.0E+02 Jr; delay prior to release a 1.0E+00 yr;
ground-water velocity * 3.11E+01 r/yr; ground-water pathlength - 1.56E+03 m;
ground-water travel time - 5.OE+01 yr; dispersion coefficient * 5.3E-01 n/yr.

Time After
Nuclide Closure, yr
24Am 0.32E.04
243,

C 0.52E+02
99Tc O5E0

Tc 0.S1E+04

129 0.52E+04
0.25(40

* 2 3 8,j0.51E+05

I 0.25E+04
237~

N4pu 0.26E(40

0.5E0(40
221 0.52E+04

245Ra 0.32E404
242pu 0.11E405

239 0.29(405

229S

Seventy-year dose, rem
Total Body

8.2+005
3.4+005
5.9+005

1.7+004
8.4+004

6.3+004
1.3+003
2.5+004

1.3+004
1.2+004
4.5+003

4.5+003

3.2+003

1.6+002

3.3+003

9.6+001
2.5+002

3.9+001

4.2+001

5.1+004

_Bone-

2.0+007

8.5+006
2.9"006

4.2+004
1.3+006

1.3+006

4.7+002

5.7+005
2.1+005

1.9+005

1.1+005

9.3+004
1.9+004
5.5+003

4.3+003
1.9+003
1.2+003

9.9+002
9.1+002
0.0

B.19

Lungs

0.0

0.0
5.9*005

5.2+003
0.0

0.0
0.0

0.0

0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0
0.0
0.0

0.0
0.0

I

I

I

I
I

I
I
I

I

I
I

I
I

I

Thyroid 6I-LLI

0.0 1.7+006

0.0 0.0
5.9+005 5.9+005

0.0 2.24006

0.0 1.1+005

0.0 3.5+005

1.0+006 7.1+001

0.0 0.0

0.0 1.7+0D4

0.0 0.0

0.0 0.0

0.0 2.5+004

0.0 0.0

3.2+001 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

11.0 2.3+002

0.0 0.0

7

p

w 7 � I
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TABLE B.2.10. Seventy-Year Cumulative Dose Comitment (Iaximum-Jndividual)
Expanded Summary for Case BSTO1W

Parametric Data

Release duration L.OE+04 yr; delay prior to release a 1.OE+0O yr;
ground-water velocity 3.11E+01 s/yr; ground-water pathlength a 1.56E+03 ;
ground-water travel time a S.OE+01 yr; dispersion coefficient a 5.3E-01 n2/yr.

-Time After Sevent
-uclide Closure, yr Total Body Bone

241Am 0.32E+04 8.24003 2.04005

Am 0.32E+04 3LO 8.54004
4C 0.52E+02 5.900 2.904

240pu 0.29E+05 1.203 2.5.00

-Tc 0.52E+04 1.7+002 4.3+002
U 0.52E+04 9.9+002 1.6+004
U7Rp 0.32E+04 4.502 1.0+004

190
I 0.52E+04 1.1 4.7+000

2 6Ra 0.1OE+06 5.803 603
2 2 u 0.39E+05 1.7+002 3.4003

O.lIE+05 1.-8002 2.9.003
2 9 Pu 0.39E+05 1.0+002 2.2+003
23% 0.52E+04 1.3+002 2.2*003

2 Wb 0.10E+ 6.8+001 1.74003
229Th 0.11E+05 8.0+001 -1.+003
245Cm 0.52£+04 4.6+001 1.1+003
2 5Ra O.llE+05 2.0+002 1.0+003
59Hi 0.25E+05 9.5+001 5.6+002

0.11E+05 2.34001 3.8+002
J9 se O .11E+05 9.8+002 0.0

8.20

y-year dose, rem
Lungs Thyrold

0.0
0.0
5.9+003
0.0
5.4+001
0.0
0.0
0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0
5.9+003
0.0
0.0

0.0
.0.0
1.0+004
0.0

0.0

0.0
0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

61-UIL

1.7+004

0.0

5.9+003

6.6+003

2.3+004

1.3+003

0.0

7.1-001

0.0

9.3+002

0.0
5.7+002

1.8+002

0.0

0.0

0.0

0.0

0.0

0.0

-o.0 , 0.0 , 0.0 - -
. . .

, . . .

. . .

. . , , , -, , -

. . , - .

. . . . . .

.. ...
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TABLE B.2.11. Seventy-Year Cuilative Dose Coaitment (Kaxtmueu-Individual)
Expanded Simuary for Case BSTO1II

Parametric Data

Release duration = L.OE+06 yr; delay prior to release L 1.OE+00 yr;
ground-water velocity - 3.11E+01 s/yr; ground-water pathlength = 1.56E+03 m;
ground-water travel time = 5.OE+0l yr; dispersion coeff icient = 5.3E-01 m2/yr.

Ttie After
Nuclide Closure, yr
"CF. ___

Seventy-year dose,, re
Total BOMY Bone Lungs Thyroid 61-LLI

'6wRa :0.23E+06 1.9H003 2.5+003
241AM 0.32E+04 8.2+001 2.G'003

243Am 0.32E+04 3.4+001 8.5+02
2'OPb 0.23E+06 2.3+001 5.8+002

229 Th 0.43E+06 1.6*001 3.7+002

O.S2E+02 5.9+001 2.9t002
2 0pU 0.29E+05 1.2+001 2.5.002

9Tc O.52Ee04 1.7+000 4.3+000
22Ra 0.43Ee06 4.6*00i 2.3+002
234U 0.52E+04 9.9*000 -1.6002
237Np 0.32E+04 4.6+000 1.0+002
129I 0.52E404 1.3-001 4.7-002

U 0.43E+06 4.9-000 8.0+001
23O1h 0.23E+06 2.3+000 7.6+001

PU 0.50E+05 1.7+000 3.4+001
U 0.25E+05 2.1+000 3.3+001

2 8 0.52E+04 1.3+O0O 2.2+001
239Pu 0.1E+05 6.3-001 1.3+001

245Cm 0.52E+04 4.6-001 1.1+001
795e O.11E+05 9.8+000 0.0

:B.,'

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0

5.9+001 5.9+001

0.0 0.0
5.4-001 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 1.0+002

0.0 0.0

0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0
-1.7+002

0.0
0.0

0.0
5.9+001-

6.6+001
2.3+002

0.0
1.3+001

0.0

7.1-003

0.0
0.0

9.3+000
0.0

1.8+000
3.4+000
0.0

,1

. �C � II .
. I :
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U.u
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TABLE B.2.12. Seventy-Tear Cumulative Dose Comaitment (Naxu*-lndIvldua)
Expande Summary for Case BST012W

rametric Data

lease duration = L.OE+02 yr; delay prior to release 1.OE+03 yr;
ound-water velocity 3.1E+O1 m/yr; ground-water pathlength t I.S6E+03 a;
ound-water travel time 5.OE+01 yr; dispersion coefficient g 5.1-1 m26yr.

Time After Seventy-year dose. rm
Nuclide Closure. yr Total Body Bone Lungs Thyroid 6-LLI

239Pu 0.30E405 3.9+005 8.4+006 0.0 0.0 2.1+006

- 243  0.42E+04 3.0+005 1.7+006 0.0 0.0 0.0

i241n 0.42E04 1.6+005 3.9+006 0.0 0.0 3.3+005

C -. lIE+04 5.2+005 2.6+006 5.2+005 5.2+005 5.2+005
99Tc 0.61Ee04 l.h+OD4 4.1+004 5.2+003 0.0 2.2+006

234U 0.61E+04 59.2+004 1.5+006 0.0 0.0 1.2+005
240pu 0.30E+05 5.6+0W4 1.2+006 0.0 0.0 3.1+005
129 0.3604 .3003 4.7+2 0.0 1.0*006 7.1+001
237Np 0.36F+04 3.9*004 8.94005 0.0 0.0 0.0
23U 0.61E+04 1.3+004 215 0.0 0.0 1.7004-
236u 0.61Ee04. 1.2+004 2.0+005 0.0 0.0 0.0
245cm 0.61E+04 4.2+003 1.0+005 0.0 0.0 0.0
242Pu 0.30E 4.5+003 9.3+004 0.0 0.0 2.5+004

Ni 0.26E+05 3.24003 1.9+004 0.0 0.0 0.0

20.61E+04 7.7+002 1.3+004 0.0 0.0 1.4+0Q3
22 6 Ra 0.1OE+06 6.6+003 8.7+003 0.0 0.0 0.0
126Sn o0.51E+05 1.6+002 5.54003 0.0 3.24001 0.0

OU .61E+04 1.94002 3.2+003 0.0 0.0 0.0

Pb :09.1 06 7.64001 : 2.0+003 0.0 0.0 0.0

-79e 0.86E+04 5.1+O04 0.0 0.0 0.0 0.0

* 7
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TABLE 8.2.13. Seventy-Year Cumulative Dose Commitment (ax~imua-Individual)
Expanded Summary for Case BST013W

Parametric Data

Release duration = 1.OE+02 yr; delay prior to release a L.OE04 yr;
ground-water velocity a 3.11E+01 m/yr; ground-water pathlength = 1.56E+03 a;
ground-water travel time - 5.0E+01 yr; dispersion coefficient - 5.3E-01 . 2Iyr.

Nuclide

239p, u
I243Am

1291
237 tP

14O~

23u
236

6Ra
245 c
2331j
241~

210Pb
2135u
2301

Time After
Closure. -yr

Seventy-,,year dose, rem
Lungs Thyroid 61-UITotal Body Bone

0.39E4O5
0.13E+05
0. 1SE+O5
0. 1SE+05

0. 13E+05
0.13Ee05
0.10E4O5
0.39E+05
0. 15E405
0.15E405

0.39E405
0.11Ei06

0. 15E4+05

0.15E405

0.15E405
0.35E405
0.11E+06
0. ISE+05

0.11E406

3.0+0
1.3+0
1.6+0
9.2+0

1.3+0
4.3+0
1.7+0

2.2+0

1.6+C
1.3+C
4.4+C

5.2+C

2.04C

2.5+(
1.6+C
2 .9C

6.1+C

8.841

2.2+(

05 6.4+006 0.0 0.0 1.6+006
05 3.3+006 0.0 0.0 0.0
04 4.0+004 5.0+003 0.0 2.2+006

04 1.5+006 0.0 0.0 1.205
03 4.7+002 0.0 1.0*006 7.1+001
04 9.7+0o5 0.0 0.0. 0.0
05 8.7+005 1.7+005 1.7+005 1.7+005
04 4.7+005 0.0 .< 1.2+005
04 2.6+005 0.0 0.0 0.0
04 2.1+005 0.0 0.0 1.7+004

X03 9.0+004 0.0 0.0 2.44004
04 6.8+004 0.0 0.0 0.0
W3 4.8+004 0.0 0.0 0.0
103 4.1+004 0.0 0.0 0.0
D03 4.0+004 0.0 0.0 3.4+003
D03 1.7+004 0.0 0.0 0.0
Q02 1.5+004 0.0 0.0 0.0
D02 1.4+004 0.0 0.0 1.6003

002 7.2+003 0.0 0.0 0.0
0D4 .0.0 0.0 0.0 0.0

B .23

7Se 0.18E+05 47 I+(


